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(57) ABSTRACT

|[PROBLEMS] To provide an efficient process for producing
an optically active chromene oxide compound which 1s an
important intermediate for a benzopyran compound effective
in the treatment of arrhythmia.

IMEANS FOR SOLVING PROBLEMS] The process for
producing an optically active chromene oxide compound
comprises using an optically active titanium complex repre-
sented by, e.g., the formula (1) or (2)
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1

PROCESS FOR PRODUCING OPTICALLY
ACTIVE CHROMENE OXIDE COMPOUND

TECHNICAL FIELD

The present invention relates to an eflicient process for
producing an optically active chromene oxide compound
which 1s an important intermediate for a benzopyran com-
pound being efiective 1n the treatment of arrhythmaa.

BACKGROUND ART

A benzopyran compound which 1s useful for an antiar-
rhythmic drug and a process for producing the same have
been disclosed. That 1s, a benzopyran compound 1s produced
by asymmetric epoxidation of chromene compound using an
optically active manganese complex to obtain an optically
active chromene oxide compound and then ring-opening the
epoxide with an amine compound (see Patent Document 1).

A process for producing an optically active chromene
oxide compound by asymmetric epoxidation of chromene
compound using an optically active manganese complex has
already been disclosed (see Patent Document 2, Patent Docu-
ment 3, Patent Document 4, Patent Document 5 and Patent
Document 6). In the above-described patent documents, pro-
duction examples of optically active chromene oxide com-
pounds using optically active manganese complexes as cata-
lysts and 1odosobenzene, sodium hypochlorite or 30%
hydrogen peroxide aqueous solution as co-oxidizing reagent
have been described.

For an asymmetric oxidation reaction using an optically
active manganese complex, an additive called for an axial
ligand such as 4-phenylpyridine-N-oxide 1s needed other than
a co-oxidizing reagent, so that a different process for produc-
ing an optically active chromene oxide without using an axial
donor ligand has been desired.

In contrast, it has been described that even 0.01 to 0.2
mol % use of an asymmetric optically active manganese
complex can produce an optically active chromene oxide
compound 1n high chemical yield and optical yield (see Patent
Document 7). However, only the example of 1o0dosobenzene
used as co-oxidizing reagent 1s described 1n this patent docu-
ment. Accordingly, more advantageous and etficient process
for producing has been desired.

In an optically active titanium complex, 1t has been
reported that use of a di-p-oxotitanium-salalen complex
provides a highly enantioselective reaction in the asymmetric
epoxidation of wvarious simple olefins not having
heteroatom(s). However, there were no examples of olefinic
compounds having heteroatom(s) and chromene compounds
in the report (Non-patent Document 8).
| Patent Document 1] Japanese Patent Application Publication

No. JP-A-2001-151767

| Patent Document 2] Japanese Patent Application Publication
No. JP-A-05-301878

| Patent Document 3] Japanese Patent Application Publication
No. JP-A-07-285983

[ Patent Document 4] Japanese Patent Application Publication
No. JP-A-08-245668

[Patent Document 5] WO 2005/090357A1

[Patent Document 6] WO 2005/080368A2

| Patent Document 7] Japanese Patent Application Publication
No. JP-A-11-335384

[Non-patent Document 8] K. Matsumoto, Y. Sawada, B.
Saito, K. Sakai and T. Katsuki, Angew. Chem. Int. Ed.
(2005), 44, 4935-4939.
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2
DISCLOSURE OF THE INVENTION

Problem to be Solved by the Invention

A process for producing an optically active chromene
oxide compound which 1s an important intermediate for a
benzopyran compound effective in the treatment of arrhyth-
mia 1s provided.

Means for Solving the Problem

As the result of an itensive investigation of process for
producing an optically active chromene oxide compound
which 1s an important intermediate for a benzopyran com-
pound eflective 1n the treatment of arrhythmia, the inventors
of the present mvention have discovered that an optically
active chromene oxide compound can be produced 1n high
enantio-selectivity and high chemical yield by using an opti-
cally active titanium complex as a catalyst, and have accom-
plished the present invention.

According to a first aspect of the present invention, a pro-
cess for producing an optically active chromene oxide com-
pound represented by formula (14), formula (15), formula

(16) or formula (17):

(14)

\ |
R?/\K\O RIU
RS
(15)
O
\ % )
R9
Z \O R 10
(16)
O
\ %
\ Lx
/\O RIU

(17)

(in which R°, R°, R’, R®*, R”, R"°, A, W, X, Y and Z are the
same as described below and an absolute configuration of the
carbon atoms indicated by * are (R) or (S)), the process
includes:

asymmetrically epoxidizing a chromene compound repre-
sented by the formula (10), formula (11), formula (12) or
formula (13) with an oxidizing reagent 1n a solvent;
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(10)

RS
Rﬁ\)\ N
\ R
R?/Y\O R
RS
(11)
ALk
O R

(12)

(13)

X X
‘ /j<
/\O R 10
W
‘\\ X
R9
Z/Y\X Z O R10

(in which R>, R°, R’ and R® in the formula (10) each
independently represent a hydrogen atom, cyano group, nitro
group, halogen atom, C, _, alkyl group (the alkyl group may
be optionally substituted with a halogen atom, hydroxy
group, cyano group, nitro group, C,_, alkoxy group, C,_,
alkylcarbonyloxy group, C,_, alkylcarbonylamino group or
C, . alkoxycarbonyl group (the alkoxy group, alkylcarbony-
loxy group, alkylcarbonylamino group and alkoxycarbonyl
group may be optionally substituted with a halogen atom)),
C, 4 alkoxy group (the alkoxy group may be optionally sub-
stituted with a halogen atom, hydroxy group, cyano group,
nitro group, C, _, alkoxy group, C, _, alkylcarbonyloxy group,
C,_, alkylcarbonylamino group or C, _, alkoxycarbonyl group
(the alkoxy group, alkylcarbonyloxy group, alkylcarbony-
lamino group and alkoxycarbonyl group may be optionally
substituted with a halogen atom)), C,_, alkylcarbonylamino
group (the alkylcarbonylamino group may be optionally sub-
stituted with a halogen atom, C_, ; aryl group (the C_,, aryl
group may be optionally substituted with a halogen atom,
hydroxy group, cyano group, nitro group, C, _, alkyl group or
C,_, alkoxy group)), C,_, alkylcarbonyl(N—C,_, alkyl)
amino group (the alkylcarbonyl(N-alkyl)amino group may be
optionally substituted with a halogen atom), C,_, alkoxycar-
bonyl group (the alkoxycarbonyl group may be optionally
substituted with a halogen atom), C,_,, arylcarbonylamino
group (the arylcarbonylamino group may be substituted with
a halogen atom, C, _, alkyl group, C, _, alkoxy group, cvano
group or nitro group), C,_,, arylcarbonyl (N—C,_, alkyl)
amino group (the arylcarbonyl(N-alkyl)amino group may be
substituted with ahalogen atom, C, _, alkyl group, C, _, alkoxy
group, cyano group or nitro group), benzylcarbonylamino
group, formyl group, carbamoyl group, C,_, alkylsulionyl
group, C._,, arylsulfony group (the alkylsulfonyl group and
arylsuliony group may be substituted with a halogen atom,
C,_, alkyl group, C,_, alkoxy group, cyano group or nitro
group), sultamoyl group, C, _, alkylsulfonamide group, C_, ,
arylsulfonamide group (the alkylsulfonamide group and aryl-
sulfonamide group may be substituted with a halogen atom,
C,_, alkyl group, C,_, alkoxy group, cyano group or nitro
group), bis(C,_, alkylsulfone)imide group (alkylsulfone of
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4

the bis(alkylsulfone)yimide group may be substituted with a
halogen atom, C,_, alkyl group, C,_, alkoxy group, cyano
group or nitro group), bis(Cs_, , arylsulfone)imide group (ar-
ylsulfone of the bis (arylsulione)imide group may be substi-
tuted with a halogen atom, C,_, alkyl group, C,_, alkoxy
group, cyano group or nitro group), or (N,N'—(C, _, alkylsul-
tone) (C_, , arylsulfone))imide group (alkylsulfone and aryl-
sulfone ofthe (N,N'-(alkylsulione) (arylsulfone) imide group
may be substituted with a halogen atom, C,_, alkyl group,
C,_, alkoxy group, cyano group or nitro group);

R” and R"” in the formula (10) each independently repre-
sent a hydrogen atom, C, _. alkyl group (the alkyl group may
be optionally substituted with a halogen atom, C,_. alkoxy
group (the alkoxy group may be optionally substituted with a
halogen atom) or hydroxy group) or C_, , aryl group (the aryl
group may be optionally substituted with a halogen atom,
hydroxy group, nitro group, cyano group, C,_. alkyl group
(the alkyl group may be optionally substituted with a halogen
atom, C, _. alkoxy group (the alkoxy group may be optionally
substituted with a halogen atom) or hydroxy group) or C,
alkoxy group (the alkoxy group may be optionally substituted
with a halogen atom));

R” and R'® in the formula (11) and formula (12) each
independently represent a hydrogen atom, C, _, alkyl group
(the alkyl group may be optionally substituted with a halogen
atom, C, . alkoxy group (the alkoxy group may be optionally
substituted with a halogen atom) or hydroxy group), or C._, 4
aryl group (the aryl group may be optionally substituted with
a halogen atom, hydroxy group, nitro group, cyano group,
C,_¢ alkyl group (the alkyl group may be optionally substi-
tuted with a halogen atom, C,_ alkoxy group (the alkoxy
group may be optionally substituted with a halogen atom) or
hydroxy group) or C,_, alkoxy group (the alkoxy group may
be optionally substituted with a halogen atom));

partial ring structure A 1n the formula (11) and formula (12)
represents a partial structure being represented by 5-, 6- or
7-membered ring forming a fused ring with a benzene ring
part (each of the 5-, 6- or 7-membered ring may be optionally
substituted with h R'* (R"" is a halogen atom, hydroxy group,
C,_¢ alkyl group (the alkyl group may be optionally substi-
tuted with a halogen atom, hydroxy group, cyano group,
amino group, nitro group, C,_, alkoxy group, C, _, alkylcar-
bonyloxy group, C,_, alkylcarbonylamino group or C,_,
alkoxycarbonyl group (the alkoxy group, alkylcarbonyloxy
group, alkylcarbonylamino group and alkoxycarbonyl group
may be optionally substituted with a halogen atom)), C,
alkoxy group (the alkoxy group may be optionally substituted
with a halogen atom, hydroxy group, cyano group, amino
group, nitro group, C, _, alkoxy group, C, _, alkylcarbonyloxy
group, C,_, alkylcarbonylamino group or C, _, alkoxycarbo-
nyl group (the alkoxy group, alkylcarbonyloxy group, alkyl-
carbonylamino group and alkoxycarbonyl group may be
optionally substituted with a halogen atom)), mitro group,
cyano group, formyl group, formamide group, carbamoyl
group, sulfo group, sulfoamino group, sulfamoyl group, sul-
fonyl group, amino group, carboxyl group, C, _. alkylamino
group, di-C,_. alkylamino group, C,_. alkylcarbonylamino
group, C,_, alkylsulfonamide group, C._,, arylsulionamide
group, C,_ alkylaminocarbonyl group, di-C,_. alkylami-
nocarbonyl group, C, _, alkylcarbonyl group, C, _. alkoxycar-
bonyl group, C,_ . alkylsulfonyl group, C,_,, arylsulionyl
group, or C,_,, arylcarbonyl group (the alkylamino group,
dialkylamino group, alkylcarbonylamino group, alkylsul-
fonamide group, arylsulfonamide group, alkylaminocarbo-
nyl group, dialkylaminocarbonyl group, alkylcarbonyl group,
alkoxycarbonyl group, alkylsulfonyl group, arylsulfonyl
group, and arylcarbonyl group may be optionally substituted
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with a halogen atom); h 1s an integer of 1 to 6 and when h 1s _continued

an integer of 2 to 6, each R'' may be the same or different); 1 (2)
to 3 of oxygen atom(s), nitrogen atom(s) or sulfur atom(s) can R ;.RB

be contained singly or 1n combination as constituent atoms of >—<

the ring; the number of unsaturated bond(s) in the ring con- >

taining unsaturated bond(s) in benzene ring condensed is 1, 2

or 3 and carbon atom(s) composing the ring may be carbonyl
or thiocarbonyl); >7 / \ 4</ \\7]5{2

X in the formula (13) represents NR*° (R*" means a hydro- 10 > R?
gen atom or C,_, alkyl group);

Y 1n the formula (13) represents a bond, SO or SO,; (2"
3 3
Z. 1n the formula (13) represents a C,_, alkyl group (the R-:;:_ a
alkyl group may be optionally substituted with 1 to 5 halogen s 7—<
atom(s) or a phenyl group (the phenyl group may be option- NI ,NH
ally substituted with a C, _, alkyl group)) or phenyl group (the /
phenyl group may be optionally substituted with a C, _, alkyl T / \
group): R? ‘<} ) ° >_R2
W inthe formula (13) represents a hydrogen atom, hydroxy 20 RN \
group, C, . alkoxy group (the alkoxy group may be optionally R ! R
substituted with a halogen atom), halogen atom, C,_, alkyl (3)
group or C,_, alkylsulfonamide group (the alkyl group and 3 3
alkylsulfonamide group may be optionally substituted with a R _:,_..R
halogen atom); and 2> >—<
R” and R'” in the formula (13) each independently repre- NH N—
sent a hydrogen atom, C,_. alkyl group (the alkyl group may M
be optionally substituted with a halogen atom, C,_, alkoxy o /. / \
group (the alkoxy group may be optionally substituted with a 5 /

\ / O O
halo t 3 —&
gen atom), or hydroxy group), or C._,, aryl group (the )
aryl group may be optionally substituted with a halogen atom, R4 \——x / \Rl \ /
hydroxy group, nitro group, cyano group, C,_. alkyl group
(the alkyl group may be optionally substituted with a halogen

atom or C, . alkoxy group (the alkoxy group may be option- 35 R R’
ally substituted with a halogen atom) or hydroxy group) or % <
C,_ alkoxy group (the alkoxy group may be optionally sub-

stituted with a halogen atom)));

by using any of optically active titanium complexes repre-

sented by the formula (1), formula (1'), formula (2), formula +
(2"), formula (3), formula (3'), formula (4) and formula (4') as
a catalyst,
45
(1)
R’ R
N N= 50
=\ N
R4 \ _\ R4
R! R! 55 (4"
R3 R3 (1 ) Ri R3
NH ' NH

NH ’N_ 50 . o
_ » _ .
2 N :2/1 G S SR
i U/ G 54 )

\ / 65 R4 —
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in which R' in the formula (1), formula (1"), formula (2),
formula (2'), formula (3), formula (3"), formula (4) and for-

mula (4") represents a hydrogen atom, halogen atom, C,_,
alkyl group, C,_, alkoxy group, C._, , aryloxy group, or C._,,
aryl group (the aryl group may be optionally substituted with
a C, _, alkyl group (the alkyl group may be optionally substi-
tuted with a halogen atom), C,_, alkoxy group or benzyloxy
group, and 1s optically active or optically non-active);

R” represents a hydrogen atom, halogen atom, C,_, alkyl
group, C,_, alkoxy group, C,_,, aryloxy group, or C,_, 4 aryl
group;

R> represents a C, _, alkyl group, C,_, 4 aryl group, or C, .
bivalent group when two R form a ring together;

R* each independently represent a hydrogen atom, halogen
atom, C,_, alkyl group, C,_, alkoxy group, nitro group or
cyano group;

M represents TiJ'J* (in TiJ'J*, Ti represents a titanium
atom, and J' and J* each independently represent a halogen
atom or C,_, alkoxide, or J' and J* are bonded together to
represent an oxygen atom, or J' and J* are bonded together to
form a ring represented by the formula (5) of bivalent group,

(5)

_O\K O_
Ti/
/ \
O O
NS

- - b

(1n which, 1n partial structure of O-E-O, O represents an
oxygen atom and O-E-O 1s represented by following formula

(6) 1n formula (1); O-.

-0 15 represented by following formula

(6') 1n formula (1"); O-]

-0 15 represented by following for-

mula (7) in formula (2); O-

-0 15 represented by following

formula (7') 1n formula (2'); O-

-0 1s represented by follow-

ing formula (8) i formula (3); O-.

H-0 15 represented by

tollowing formula (8") in formula (3"); O-E-O 1s represented
by following formula (9) 1n formula (4); and O-E-O 1s repre-
sented by following formula (9') in formula (4');

(6)

(6')

10

15

20

25

30

35

40

45

50

55

60

65

8

-continued

(7)

(7')

(8)
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b represents an integer of 1 to 10; and R", R*, R” and R* are
the same as described above));

according to a second aspect, the process for producing an
optically active chromene oxide compound according to the
first aspect, in which the chromene compound represented by
the formula (10) 1s asymmetrically epoxidized 1n a solvent
with oxidizing reagent by using an optically active titantum
complex represented by any of the formula (1), formula (1'),
tformula (2), formula (2'), formula (3), formula (3'), formula
(4) and formula (4") as a catalyst;

in which R> and R° in the formula (10) each independently
represent a hydrogen atom, cyano group, nitro group, halogen
atom, C,_, alkyl group (the alkyl group may be optionally
substituted with a halogen atom, hydroxy group, cyano
group, nitro group, C, _, alkoxy group, C,_, alkylcarbonyloxy
group, C,_, alkylcarbonylamino group or C, _, alkoxycarbo-
nyl group (the alkoxy group, alkylcarbonyloxy group, alkyl-
carbonylamino group and alkoxycarbonyl group may be
optionally substituted with a halogen atom)), C,_, alkoxy
group (the alkoxy group may be optionally substituted with a
halogen atom, hydroxy group, cyano group, nitro group, C, _,
alkoxy group, C, _, alkylcarbonyloxy group, C, _, alkylcarbo-
nylamino group or C,_, alkoxycarbonyl group (the alkoxy
group, alkylcarbonyloxy group, alkylcarbonylamino group
and alkoxycarbonyl group may be optionally substituted with
a halogen atom)), C,_, alkylcarbonylamino group (the alkyl-
carbonylamino group may be optionally substituted with a
halogen atom), C,_, alkylcarbonyl(N—C,_, alkyl)amino
group (the alkylcarbonyl(N-alkyl)amino group may be
optionally substituted with a halogen atom), C_,, arylcarbo-
nyl(N—C, _, alkyl)amino group (the arylcarbonyl(N-alkyl)
amino group may be substituted with a halogen atom, C,_,
alkyl group, C, _, alkoxy group, cyano group or nitro group),
carbamoyl group, bis(C,_, alkylsulfone)jimide group (alkyl-
sulfone of the bis(alkylsulfone)imide group may be substi-
tuted with a halogen atom, C,_, alkyl group, C,_, alkoxy
group, cyano group or nitro group), bis(Cs_,, arylsulione)
imide group (arylsulione of the bis(arylsulfone)imide group
may be substituted with a halogen atom, C,_, alkyl group,
C, ., alkoxy group, cyano group or nitro group), or (N,N'—
(C,_salkylsulfone) (C_, ,arylsulione))imide group (alkylsul-
fone and arylsulfone of the (N,N'-(alkylsulione) (arylsulio-
ne) jimide group may be substituted with a halogen atom, C, _,
alkyl group, C, _, alkoxy group, cyano group or nitro group);

R’ in the formula (10) represents a hydrogen atom, cyano
group, nitro group, bis(C, _, alkylsulfoneimide group (alkyl-
sulfone of the bis(alkylsulfone)imide group may be substi-
tuted with a halogen atom, C,_, alkyl group, C,_, alkoxy
group, cyano group or nitro group), bis(C,_,, arylsulfone)
imide group (arylsulione of the bis (arylsulfone)imide group
may be substituted with a halogen atom, C,_, alkyl group,
C,_, alkoxy group, cyano group or nitro group), or (N,N'—
(C,_, alkylsulfone)(C._, , arylsulfone) imide group (alkylsul-
fone and arylsulione of the (N,N'-(alkylsulfone)(arylsul-
fone))imide group may be substituted with a halogen atom,
C, 4 alkyl group, C,_, alkoxy group, cyano group or nitro
group);

R® in the formula (10) represents a hydrogen atom, nitro
group, or C,_, alkyl group (the alkyl group may be optionally
substituted with a halogen atom); and

R” and R'" in the formula (10) represent a C, . alkyl group

(the alkyl group may be optionally substituted with a halogen
atom); according to a third aspect, the process for producing
an optically active chromene oxide compound according to
the second aspect, in which R and R® in the formula (10) each
independently represent a hydrogen atom, mitro group, tluo-
rine atom, methoxy group, methylcarbonylamino group or
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methylcarbonyl(N-ethyl)amino group; R’ in the formula (10)
represents a hydrogen atom, nitro group or bis(C, _, alkylsul-
fone)imide group; R® in the formula (10) represents a hydro-
gen atom, nitro group or trifluoromethyl group; and R” and
R'” in the formula (10) represent a methyl group:;

according to a fourth aspect, the process for producing an
optically active chromene oxide compound according to the
first aspect, 1n which the chromene compound represented by
the formula (11) or (12) whose partial ring structure A 1s
represented by any of the formula (a), formula (b), formula
(¢), formula (d), formula (e), formula (1), formula (g), formula
(h), formula (1), formula (3), formula (k), formula (1), formula
(m), formula (n), formula (0), formula (p), formula (q), for-
mula (r), formula (s), formula (t), formula (u), formula (v),
formula (w), formula (x), formula (v), formula (z), formula
(aa), formula (ab), formula (ac), formula (ad), formula (ae),
formula (af), formula (ag), and formula (ah) 1s asymmetri-
cally epoxidized 1n a solvent with oxidizing reagent by using

any of the optically active titanitum complexes represented by
the formula (1), formula (1'), formula (2), formula (2'), for-
mula (3), formula (3"), formula (4) and formula (4') as a

catalyst,

(a)

(b)

()

(d)

()
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(in which R'* and R"® in the formula (a), formula (b),
formula (e), formula (1), formula (g), formula (h), formula (1),
formula (0), formula (k), formula (1), formula (m), formula
(n), formula (p), formula (q), formula (v), formula (w), for-
mula (x), formula (ab), formula (ae), formula (af) and formula
(ag) each independently represent a hydrogen atom, C, _
alkyl group (the alkyl group may be optionally substituted
with a halogen atom, C,_ alkoxy group (the alkoxy group
may be optionally substituted with a halogen atom), amino
group, hydroxy group, C,_,, aryl group or C,_, heteroaryl
group (each of the aryl group and heteroaryl group may be
optionally substituted with ¢ R'® (R® represents the same
meaning of R'*; g represents an integer of 1 to 3, and eachR*®
may be the same or different when q 1s 2 or 3)), C,_, alky-
laminocarbonyl group, di-C,_ alkylaminocarbonyl group,
C,_¢ alkylcarbonyloxy group, C,_. alkylcarbonyl group (the
alkylcarbonyloxy group and alkylcarbonyl group may be
optionally substituted with a halogen atom), C, _. alkylcarbo-
nylamino group, C,_, cycloalkylcarbonyl group, C, . alkoxy-
carbonyl group, C,_, alkylsulfonyl group (the cycloalkylcar-
bonyl group, alkoxycarbonyl group and alkylsultonyl group
may be optionally substituted with a halogen atom), carboxyl
group, C._,, arylcarbonyl group (the arylcarbonyl group may
be optionally substituted with a halogen atom) or C,_g het-
eroarylcarbonyl group), C._,, aryl group, C,_, heteroaryl
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group (each of the aryl group and heteroaryl group may be
optionally substituted with g R'® (R'® represents the same
meaning of R''; q represents an integer of 1 to 3, andeach R'®
may be the same or different when g 1s 2 or 3)), C,_, alky-
laminocarbonyl group, di-C,_. alkylaminocarbonyl group,
C,_ alkylcarbonyl group, C,_; cycloalkylcarbonyl group,
C,_ alkoxycarbonyl group, C,_, alkylsulionyl group, C,_, .,
arylsultonyl group, C,_, heteroarylsultfonyl group (each ot the
arylsulfonyl group and heteroarylsulfonyl group may be
optionally substituted with g R'® (R"® represents the same
meaning of R''; g represents an integer of 1 to 3, andeach R'®
may be the same or different when q 1s 2 or 3)), carboxyl
group, C,_,4 arylcarbonyl group, or C,_, heteroarylcarbonyl
group (each of the arylcarbonyl group and heteroarylcarbonyl
group may be optionally substituted with ¢ R*® (R'® repre-
sents the same meaning of R'"; q represents an integer of 1 to
3, and each R'® may be the same or different when qis 2 or 3));

R'* R, R and R' in the formula (a), formula (b),
formula (¢), formula (d), formula (1), formula (g), formula
(h), formula (3), formula (k), formula (m), formula (n), for-
mula (o), formula (p), formula (q), formula (r), formula (s),
formula (t), formula (u), formula (v), formula (w), formula
(v), formula (z), formula (aa), formula (ab), formula (ac),
formula (ad), formula (ae) and formula (af) each 1indepen-
dently represent a hydrogen atom, halogen atom, C,_, alkyl
group (the alkyl group may be optionally substituted with a
halogen atom, C, . alkoxy group (the alkoxy group may be
optionally substituted with a halogen atom), amino group,
hydroxy group, C._, ., aryl group, C,_; heteroaryl group (each
of the aryl group and heteroaryl group may be optionally
substituted with r R'” (R'” represents the same meaning of
R"™; r represents the same meaning of q)), C,_. alkylami-
nocarbonyl group, di-C,_. alkylaminocarbonyl group, C,
alkylcarbonyloxy group, C, _. alkylcarbonyl group (the alky-
Icarbonyloxy group and alkylcarbonyl group may be option-
ally substituted with a halogen atom), C,_. alkylcarbony-
lamino group, C;, cycloalkylcarbonyl group, C,_q
alkoxycarbonyl group, C,_ alkylsulifonyl group (the
cycloalkylcarbonyl group, alkoxycarbonyl group and alkyl-
sulfonyl group may be optionally substituted with a halogen
atom), carboxyl group, C_, , arylcarbonyl group (the arylcar-
bonyl group may be optionally substituted with a halogen
atom), or C,_, heteroarylcarbonyl group), C,_; cycloalkyl
group (the cycloalkyl group may be optionally substituted
with a halogen atom, C,_, alkoxy group (the alkoxy group
may be optionally substituted with a halogen atom), amino
group or hydroxy group), C,  alkoxy group (the alkoxy
group may be optionally substituted with a halogen atom,
C,_¢ alkoxy group (the alkoxy group may be optionally sub-
stituted with a halogen atom), carboxyl group, amino group,
hydroxy group, C,_,, aryl group or C,_, heteroaryl group
(each of the aryl group and heteroaryl group may be option-
ally substituted with r R" (R"” represents the same meaning
of R™; rrepresents the same meaning of q))), C, _. thioalkoxy
group (the thioalkoxy group may be optionally substituted
with a halogen atom, C,_. alkoxy group (the alkoxy group
may be optionally substituted with a halogen atom), carboxyl
group, hydroxy group, C,_,, aryl group or C,_, heteroaryl
group (each of the aryl group and heteroaryl group may be
optionally substituted with r R*® (R'” represents the same
meaning of R'"; r represents the same meaning of q))),
hydroxy group, C_,, aryl group, C,_ heteroaryl group (each
of the aryl group and heteroaryl group may be optionally
substituted with r R (R"” represents the same meaning of
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R"™; r represents the same meaning of q)), C,_. alkylcarbo-
nyloxy group, nitro group, cyano group, formyl group, for-
mamide group, amino group, sulto group, C, . alkylamino
group, d1-C, _. alkylamino group, C,_, , arylamino group, C,_g
heteroarylamino group (each of the arylamino group and the
heteroarylamino group may be optionally substituted with r
R' (R'” represents the same meaning of R''; r represents the
same meaning ol q)), C,_, alkylcarbonylamino group, C, .
alkylsulfonamide group, carbamoyl group, C, . alkylami-
nocarbonyl group, di-C,_. alkylaminocarbonyl group, C,
alkylcarbonyl group, C._,, arylcarbonyl group, C,_ o het-
eroarylcarbonyl group (each of the arylcarbonyl group and
heteroarylcarbonyl group may be optionally substituted with
r R'” (R'” represents the same meaning of R''; r represents
the same meaning of q)), C,_, alkoxycarbonyl group, sulia-
moyl group, C, . alkylsulionyl group, C._,. arylsulfonyl
group, C,_ heteroarylsulionyl group (each of the arylsulionyl
group and heteroarylsulfonyl group may be optionally sub-
stituted withr R*” (R"” represents the same meaning of R*'; r
represents the same meaning of q)), carboxyl group or C, _g
heterocyclyl group (the heterocyclyl group may be optionally
substituted with a halogen atom, C,_. alkyl group (the alkyl
group may be optionally substituted with a halogen atom,
C,_¢ alkoxy group (the alkoxy group may be optionally sub-
stituted with a halogen atom), amino group, carboxyl group
or hydroxy group), C, _. alkoxy group (the alkoxy group may
be optionally substituted with a halogen atom), C,_,, aryl
group, C,_, heteroaryl group (each of the aryl group and
heteroaryl group may be optionally substituted with r R
(R'” represents the same meaning of R''; r represents the
same meanming of q)), hydroxy group, nitro group, cyano
group, formyl group, formamide group, amino group, C,
alkylamino group, di-C,_, alkylamino group, C, _, alkylcar-
bonylamino group, C, _. alkylsulfonamide group, carbamoyl
group, C,_ alkylaminocarbonyl group, di-C, . alkylami-
nocarbonyl group, C,_, alkylcarbonyl group, C, _, alkoxycar-
bonyl group, sulfamoyl group, C, _, alkylsulfonyl group, car-
boxyl group or C,_,, arylcarbonyl group); and

Q 1n the formula (¢), formula (d), formula (p), formula (q),
formula (v), formula (w), formula (ab), formula (ac) and
formula (ad) represents O (oxygen atom), S (sulfur atom), SO
(sulfinyl group) or SO, (sulfonyl group));

according to a fifth aspect, the process for producing an
optically active chromene oxide compound according to the
fourth aspect, in which R” and R'” in the formula (11) or the
formula (12) are methyl group;

according to a sixth aspect, the process for producing an
optically active chromene oxide compound according to the
fourth or fifth aspect, in which A in the formula (11) or the
formula (12) 1s represented by the following formula (a),
tformula (b), formula (1), formula (k), formula (o), formula

(p), formula (s), formula (v), formula (y), formula (ae), for-
mula (ag) and formula (ah),

(a)
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(in which R"*, R"®, R'*, R"> and R'® are the same as in the

fourth aspect);

according to a seventh aspect, the process for producing an
optically active chromene oxide compound according to the
sixth aspect, 1n which A 1n the formula (11) or the formula
(12) represents the formula (a), formula (b), formula (1),
formula (k), formula (0), formula (p), formula (s), formula
(v), formula (y), formula (ae), formula (ag) and formula (ah);
R'* and R'® in the formula (a), formula (b), formula (i),
formula (k), formula (p), formula (v), formula (ae) and for-
mula (ag) each independently represent a hydrogen atom,
C,_¢ alkyl group (the alkyl group may be optionally substi-
tuted with a halogen atom, C,_, alkoxy group (the alkoxy
group may be optionally substituted with a halogen atom),
amino group or hydroxy group), and R'*, R"> and R'® in the
formula (a), formula (b), formula (k), formula (o), formula
(p), formula (s), formula (v), formula (y) and formula (ae)
cach independently represent a hydrogen atom, halogen atom
or C,_. alkyl group (the alkyl group may be optionally sub-
stituted with a halogen atom, C,_, alkoxy group (the alkoxy
group may be optionally substituted with a halogen atom),
amino group, hydroxy group, C,_ alkylaminocarbonyl
group, di-C, _. alkylaminocarbonyl group, C, _. alkylcarbony-
loxy group, C, _. alkylcarbonyl group (the alkylcarbonyloxy
group and alkylcarbonyl group may be optionally substituted
with a halogen atom), C, _, alkylcarbonylamino group, C;_q
cycloalkylcarbonyl group or C, _ alkoxycarbonyl group); and
Q represents O (oxygen atom);

according to an eighth aspect, the process for producing an
optically active chromene oxide compound according to the
seventh aspect, in which A 1n the formula (11) or the formula
(12) represents the formula (a), formula (b), formula (1),
formula (k), formula (0), formula (p), formula (s), formula
(v), formula (y), formula (a¢), formula (ag) or formula (ah),
and R'* and R'® in the formula (a), formula (b), formula (1),

formula (k), formula (p), formula (v), formula (a¢) and for-
mula (ag) each independently represent a hydrogen atom or
methyl group, and R™*, R"> and R'® in the formula (a), for-
mula (b), formula (k), formula (o), formula (p), formula (s),
formula (v), formula (v) and formula (ae) each independently
represent a hydrogen atom, halogen atom or C, _, alkyl group
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(the alkyl group may be optionally substituted with a halogen
atom, C, _, alkoxy group (the alkoxy group may be optionally
substituted with a halogen atom), amino group, hydroxy
group, C,_ alkylaminocarbonyl group, di-C,_. alkylami-
nocarbonyl group, C, _. alkylcarbonyloxy group, C, . alkyl-
carbonyl group (the alkylcarbonyloxy group and alkylcarbo-
nyl group may be optionally substituted with a halogen atom),
C, . alkylcarbonylamino group, C, , cycloalkylcarbonyl
group or C,_. alkoxycarbonyl group); and Q represents O

(oxygen atom);
according to a ninth aspect, the process for producing an

optically active chromene oxide compound according to the
first aspect, in which the chromene compound represented by
the formula (13) 1s asymmetrically epoxidized 1n a solvent
with oxidizing reagent by using an optically active titantum
complex represented by any of formula (1), formula (1'),
tformula (2), formula (2'), formula (3), formula (3'), formula
(4) and formula (4") as a catalyst, and both R” and R'® in the
formula (13) represent a methyl group;

according to a tenth aspect, the process for producing an
optically active chromene oxide compound according to the
ninth aspect, in which W 1n the formula (13) represents a
hydrogen atom, hydroxy group, methoxy group, chlorine
atom, bromine atom, methyl group, ethyl group or methane-
sulfonamide group;

according to an eleventh aspect, the process for producing
an optically active chromene oxide compound according to
the ninth or tenth aspect, in which Y 1n the formula (13)
represents SO, (sulfonyl group) and Z represents C,_, alkyl
group,

according to a twelfth aspect, the process for producing an
optically active chromene oxide compound according to the
tenth aspect, in whichY 1n the formula (13) represents a bond
and Z represents a C, _, alkyl group;

according to a thirteenth aspect, the process for producing
an optically active chromene oxide compound according to
the first aspect, in which R' in the formula (1), formula (1",
formula (2), formula (2'), formula (3), formula (3'), formula
(4) and formula (4') represents a C,_,, aryl group (the aryl
group may be optionally substituted with a C, _, alkyl group
(the alkyl group may be optionally substituted with a halogen
atom), C,_, alkoxy group or benzyloxy group and 1s optically
active or optically non-active);

R” represents a hydrogen atom, halogen atom, C, _, alkyl
group, C,_, alkoxy group, C,_,, aryloxy group or C_,, aryl
group,

R> represents a C, _, alkyl group, C,_,. aryl group or C,_.
bivalent group when two R> form a ring together:;

R* each independently represents a hydrogen atom, halo-
gen atom, C, _, alkyl group, C, _, alkoxy group, nitro group or
cyano group; and

M represents TiJ'J7,

(in which Ti is titanium atom; J* and J* each independently
represent a halogen atom or C,_, alkoxide, or J' and J* are
bonded together to represent an oxygen atom, or J' and J* are
bonded together to form a ring represented by the formula (5)
of bivalent group,

(1n which, 1n partial structure of O-E-O, O represents an
oxygen atom and O-E-O 1s represented by the formula (6) 1n
formula (1); O-E-O 1s represented by the formula (6') 1n
formula (1"); O-E-O 1s represented by the formula (7) 1n
formula (2); O-E-O 1s represented by the formula (7') 1n
formula (2'); O-E-O 1s represented by the formula (8) 1n
formula (3); O-E-O 1s represented by the formula (8') 1n
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formula (3"); O-E-O 1s represented by the formula (9) 1n
formula (4); O-E-O 1s represented by the formula (9') 1n
formula (4'); b represents an integer of 1 to 10; and R', R*, R’
and R* are the same as described above));

according to a fourteenth aspect, the process for producing,
an optically active chromene oxide compound according to
the thirteenth aspect, in which R' in the formula (1), formula
(1'), formula (2), formula (2'), formula (3), formula (3'), for-
mula (4) and formula (4') 1s phenyl group (the phenyl group
may be optionally substituted with a C,_, alkyl group (the
alkyl group may be optionally substituted with a halogen
atom), benzyloxy group or C, _, alkoxy group), or naphthyl
group (the naphthyl group may be optionally substituted with
a C,_, alkyl group (the alkyl group may be optionally substi-
tuted with a halogen atom), C,_- alkoxy group or phenyl
group);

R” represents a hydrogen atom;

R> represents a C,_. bivalent group when two R> form a
ring together;

R* represents a hydrogen atom; and

M represents TiJ'J?,

(in which Ti is titanium atom; J* and J* each independently
represent a halogen atom or C,_, alkoxide, or J* and J* are
bonded together to represent an oxygen atom, or J* and J* are
bonded together to form a ring represented by the formula (5)
of bivalent group, (1n which, 1n partial structure of O-E-O, O
represents an oxygen atom and O-E-O 1s represented by the
formula (6) 1n formula (1); O-E-O 1s represented by the for-
mula (6') in formula (1'); O-E-O 1s represented by the formula
(7)1nformula (2); O-E-O 1s represented by the formula (7') 1n
formula (2"); O-E-O 1s represented by the formula (8) 1n
formula (3); O-E-O 1s represented by the formula (8') 1n
formula (3"); O-E-O 1s represented by the formula (9) 1n
formula (4); O-E-O 1s represented by the formula (9') 1n
formula (4'); b represents an integer of 1 to 10; and R', R*, R’
and R* are the same as described above));

according to a fifteenth aspect, the process for producing an
optically active chromene oxide compound according to any
one of the first to fourteenth aspects, 1n which a used amount
of the optically active titanium complex to an amount of
chromene compound represented by the formula (10), for-
mula (11), formula (12) or formula (13) 1s 0.001 to 100
mol %;

according to a sixteenth aspect, the process for producing
an optically active chromene oxide compound according to
any one of the first to fourteenth aspects, 1n which the solvent
used for the asymmetric epoxidation 1s a halogen-type sol-
vent, an aromatic hydrocarbon-type solvent, an ester-type
solvent, an ether-type solvent, a nitrile-type solvent, an alco-
hol-type solvent or a mixture thereof;

according to a seventeenth aspect, the process for produc-
ing an optically active chromene oxide compound according
to any one of the first to fourteenth aspects, in which the
oxidizing reagent used for the asymmetric epoxidization
reaction 1s 10dosobenzene, sodium hypochlorite, m-chlorop-
erbenzoic acid, Oxone (registered trademark of E. 1. du Pont
de Nemours and Company), hydrogen peroxide aqueous
solution, urea-hydrogen peroxide adduct (UHP), oxaziridine,
N-methylmorpholineoxide (NMO), t-butylhydroperoxide
(IT'BHP), cumenehydroperoxide (CHP) or a mixture thereof;

according to an eighteenth aspect, the process for produc-
ing an optically active chromene oxide compound according
to the seventeenth aspect, in which the oxidizing reagent used
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for the asymmetric epoxidization reaction 1s hydrogen per-
oxide aqueous solution, urea-hydrogen peroxide adduct

(UHP) or mixture thereof;

according to a nineteenth aspect, the process for producing,

an optically active chromene oxide compound according to
the eighteenth aspect, 1n which the oxidizing reagent used for
the asymmetric epoxidation 1s hydrogen peroxide aqueous
solution and a concentration thereof 1s 1 to 100% by mass;

according to a twentieth aspect, the process for producing 1, R4
an optically active chromene oxide compound according to
any one of the first to fourteenth aspects, in which a used
amount of the oxidizing reagent used for the asymmetric

epoxidation to an amount

of chromene compound repre-

sented by the formula (10), formula (11), formula (12) or 1°
formula (13) 1s 1 to 10 equivalent;
according to a twenty-first aspect, the process for produc-

ing an optically active chromene oxide compound according
to the twentieth aspect, in which an addition method of the ,,

oxidizing reagent used for

the asymmetric epoxidation 1s

fractionated addition or continuous addition;

according to a twenty-second aspect, the process for pro-
ducing an optically active chromene oxide compound accord-
ing to the twenty-first aspect, in which the addition method of 2>

equivalent per hour;

according to a twenty-third aspect, the process for produc-

the oxidizing reagent used for the asymmetric epoxidation 1s
the continuous addition and the addition rate 1s 0.01 to 40,000

30

ing an optically active chromene oxide compound according R?
to the twenty-first aspect, 1n which the addition method of the

oxidizing reagent used for

the asymmetric epoxidation 1s

fractionated addition and the number of fractions 1s in arange

of 2 to 100:;

35

according to a twenty-fourth aspect, the process for pro-
ducing an optically active chromene oxide compound accord-

ing to any one of the first to

twenty-third aspects, in which a

reaction temperature of the asymmetric epoxidation 1s from R2

0° C. to a reflux temperature of the solvent used; and

40

according to a twenty-fifth aspect, the process for produc-
ing an optically active chromene oxide compound according
to any one of the first to twenty-fourth aspects, 1n which a

pressure of the asymmetric epoxidation 1n a reacting system 45
1s 1n a range of 10 kPa to 1,100 kPa.

According to the present invention, an optically active >
chromene oxide compound which 1s an important intermedi-
ate for a benzopyran compound being effective 1n the treat-
ment of arrhythmia can be efficiently produced.

Eftects of the Invention

BEST MODES FOR CARRYING OUT THE >
INVENTION
As used herein, “n” means normal; “1” means 1s0; “‘s”
means secondary; “t” means tertiary; “c” means cyclo; “o”

means ortho; “m” means meta and “p” means para.

The present invention will be described below 1n detail. In
the present 1invention, a titanmium complex used for an asym-
metric epoxidation of a chromene compound with an oxidiz-
ing reagent 1s represented by the following formula (1), for- 45

e 7

mula (1"), formula (2), formula (2'), formula (3), formula (3'),
tformula (4) and formula (4'):

22

(1)

(1)

(2)

(2')

(3)
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R’ R’

/7N1i1 ,NH
=\
>7O O
Rl

S

R

US 8,394,974 B2

(4)

/7 \

—/

N

R] —

R]

in which R' in the formula (1), formula (1"), formula (2),
formula (2'), formula (3), formula (3"), formula (4) or formula
(4') represents a hydrogen atom, halogen atom, C,_, alkyl
group, C,_, alkoxy group, C,_,, aryloxy group, or C,_,, aryl
group (the aryl group may be optionally substituted with a
C, . alkyl group (the alkyl group may be optionally substi-
tuted with a halogen atom), C,_, alkoxy group or benzyloxy
group), and 1s optically active or optically non-active;

R” represents a hydrogen atom, halogen atom, C,_, alkyl
group, C,_, alkoxy group, C,_,, aryloxy group or C,_, aryl

group;

R represents a C,_, alkyl group, C,_,. aryl group or C,_«
bivalent group when two R”> form a ring together;

R* each independently represents a hydrogen atom, halo-
gen atom, C, _, alkyl group, C, _, alkoxy group, nitro group or

cyano group;

M represents TiJ'J* (in TiJ'J?, Ti represents titanium, and
J" and J* each independently represent a halogen atomor C, _,
alkoxide group, or J' and J* are bonded together to represent
an oxygen atom, or J* and J* are bonded together to form a
ring represented by the formula (5) of bivalent group,

(5)

—0 -
\r\Ti/O

/ \

0O O

\r./

- -5

in which, 1n partial structure of O-E-O, O represents an

oxygen atom and O-E-O 1s represented by following formula
(6) 1n formula (1); O-E-O 1s represented by following formula

(6') 1n formula (1"); O-]

-0 15 represented by following for-

mula (7) in formula (2); O-E-O 1s represented by following

formula (7') in formula (2'); O-

-0 15 represented by follow-

ing formula (8) i formula (3); O-E-O 1s represented by
tollowing formula (8") in formula (3"); O-E-O 1s represented
by following formula (9) in formula (4 ); O-E-O 1s represented
by following formula (9') 1n formula (4'); and
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RZ—\ O R”
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\Rl R!
(6")
R’ R’

(7)

(7')

(8)
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-continued
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R R’

e
~
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.

NH

L4 =0
(9

NN
5L =)

b represents an integer of 1 to 10; and R", R*, R” and R* are
the same as described above.

Each substituted group in the formula (1), formula (1),
formula (2), formula (2'), formula (3), formula (3'), formula
(4) and formula (4') will be described below.

R' in the formula (1), formula (1"), formula (2), formula
(2"), formula (3), formula (3'), formula (4) and formula (4') 1s
hydrogen atom, halogen atom, C, _, alkyl group, C, _, alkoxy
group, C,_, , aryloxy group or C,_,, aryl group (the aryl group
may be optionally substituted with a C,_, alkyl group (the
alkyl group may be optionally substituted with a halogen
atom), C,_- alkoxy group or benzyloxy group, and 1s optically
active or optically non-active).

R' in the above-mentioned formula (1), formula (1'), for-
mula (2), formula (2'), formula (3), formula (3"), formula (4)
and formula (4") will be specifically described.

Examples of the halogen atom include a fluorine atom,
chlorine atom, bromine atom and 10dine atom;

examples of the C,_, alkyl group include a methyl group,
cthyl group, n-propyl group, 1-propyl group, n-butyl group,
1-butyl group, s-butyl group and t-butyl group;

examples of the C,_, alkoxy group include a methoxy
group, ethoxy group, n-propoxy group, 1-propoxy group,
C-propoxy group, n-butoxy group, 1-butoxy group, s-butoxy
group, t-butoxy group and c-butoxy group:;

examples of the C_, , aryloxy group include a phenyloxy
group, 1-naphthyloxy group, 2-naphthyloxy group, 2-biphe-
nylyloxy group, 3-biphenylyloxy group and 4-biphenylyloxy
group; and

examples of the C_,, aryl group (the aryl group may be
optionally substituted with a C, _, alkyl group (the alkyl group
may be optionally substituted with a halogen atom), C, _,
alkoxy group, or benzyloxy group, and 1s optically active or
optically non-active) include a phenyl group, 2-methylphenyl
group, 2-trifluoromethylphenyl group, 4-methylphenyl
group, 2-ethylphenyl group, 2-pentatluoroethylphenyl group,
3,5-dimethylphenyl group, 2-methoxyphenyl group, 3-meth-
oxyphenyl group, 4-methoxyphenyl group, 2-ethoxyphenyl
group, 2-1-propoxyphenyl group, 2-benzyloxyphenyl group,
3,5-dimethoxyphenyl group, 1-naphthyl group, 2-naphthyl
group, 2-biphenylyl group, 3-biphenylyl group, 4-biphenylyl
group, 2-methyl-1-naphthyl group, 2-phenyl-1-naphthyl
group, 2-methoxy-1-naphthyl group, 2-(3,35-dimethylphe-
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nyl)-1-naphthyl group, 2-(4-methylphenyl)-1-naphthyl
group, 2-(o-biphenylyl)-1-naphthyl group, 2-(m-bipheny-
lyl)-1-naphthyl group and 2-(p-biphenylyl)-1-naphthyl
group. The above-mentioned C,_,, aryl group may be opti-
cally active or optically non-active.

R' in the formula (1), formula (1"), formula (2), formula
(2"), formula (3), formula (3'), formula (4) and formula (4') 1s
preferably hydrogen atom, fluorine atom, chlorine atom, bro-
mine atom, 10dine atom, methyl group, ethyl group, n-propyl
group, 1-propyl group, n-butyl group, 1-butyl group, s-butyl
group, t-butyl group, methoxy group, ethoxy group, n-pro-
POXY group, 1-propoxy group, C-propoxy group, n-butoxy
group, 1-butoxy group, s-butoxy group, t-butoxy group, c-bu-
toxy group, phenyloxy group, 1-naphthyloxy group, 2-naph-
thyloxy group, phenyl group, 2-methylphenyl group, 2-trii-
luoromethylphenyl  group,  4-methylphenyl  group,
2-ethylphenyl group, 3,5-dimethylphenyl group, 2-methox-
yphenyl group, 3-methoxyphenyl group, 4-methoxyphenyl
group, 2-ethoxyphenyl group, 2-1-propoxyphenyl group,
2-benzyloxyphenyl group, 3,5-dimethoxyphenyl group,
1-naphthyl group, 2-naphthyl group, 2-biphenylyl group,
3-biphenylyl group, 4-biphenylyl group, 2-phenyl-1-naph-
thyl group, 2-methoxy-1-naphthyl group, 2-(m-biphenylyl)-
1 -naphthyl group and 2-(p-biphenylyl)-1-naphthyl group. Of
these atoms and groups, phenyl group, 2-methylphenyl
group, 2-trifluoromethylphenyl group, 2-ethylphenyl group.,
2-methoxyphenyl group, 2-benzyloxyphenyl group, 1-naph-
thyl group, 2-naphthyl group, 2-biphenylyl group, 2-phenyl-
1 -naphthyl group, 2-methoxy-1-naphthyl group, 2-(m-biphe-
nylyl)-1-naphthyl group and 2-(p-biphenylyl)-1-naphthyl
group (the 2-phenyl-1-naphthyl group, 2-methoxy-1-naph-
thyl group, 2-(m-biphenylyl)-1-naphthyl group or 2-(p-bi-
phenylyl)-1-naphthyl group are optically active or optically
non-active) are more preferable for R', and among these
atoms and groups, phenyl group, 2-methylphenyl group,
2-trifluoromethylphenyl group, 2-methoxyphenyl group,
2-benzyloxyphenyl group and 2-phenyl-1-naphthyl group are
much more preferable for R*.

R” in the formula (1), formula (1"), formula (2), formula
(2'), formula (3), formula (3'), formula (4) and formula (4")
represents a hydrogen atom, halogen atom, C, _, alkyl group,
C,_4 alkoxy group, C,_, , aryloxy group or C_, . aryl group.

R” in the formula (1), formula (1), formula (2), formula
(2'), formula (3), formula (3'), formula (4) and formula (4")
will be specifically described.

Examples of the halogen atom include a fluorine atom,
chlorine atom, bromine atom and 10dine atom;

examples of the C,_, alkyl group include a methyl group,
cthyl group, n-propyl group, 1-propyl group, n-butyl group,
1-butyl group, s-butyl group and t-butyl group;

examples of the C,_, alkoxy group include a methoxy
group, ethoxXy group, n-propoxy group, 1-propoxy group,
C-propoxy group, n-butoxy group, 1-butoxy group, s-butoxy
group, t-butoxy group and c-butoxy group;

examples of the C_,, aryloxy group include a phenyloxy
group, 1-naphthyloxy group, 2-naphthyloxy group, 2-biphe-
nylyloxy group, 3-biphenylyloxy group and 4-biphenylyloxy
group; and

examples of the C_, aryl group include a phenyl group,
3,5-dimethylphenyl group, 4-methylphenyl group, 1-naph-
thyl group, 2-naphthyl group, 2-biphenylyl group, 2-phenyl-
1-naphthyl group, 2-methyl-1-naphthyl group, 2-(3,5-dim-
cthylphenyl)-1-naphthyl  group, 2-(4-methylphenyl)-1-
naphthyl group and 2-methoxy-1-naphthyl group.

R” in the formula (1), formula (1"), formula (2), formula
(2"), formula (3), formula (3'), formula (4) and formula (4') 1s
preferably hydrogen atom, fluorine atom, chlorine atom, bro-
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mine atom, 10dine atom, methyl group, ethyl group, n-propyl
group, 1-propyl group, n-butyl group, t-butyl group, methoxy
group, phenyloxy group, 1-naphthyloxy group, 2-naphthy-
loxy group, phenyl group, 3,5-dimethylphenyl group, 4-me-
thylphenyl group, 3,3-dimethoxyphenyl group, 4-methox-
yphenyl group, 1-naphthyl group, 2-naphthyl group,
2-biphenylyl group, 3-biphenylyl group, 4-biphenylyl group
and 2-methoxy-1-naphthyl group. Of these atoms and groups,
hydrogen atom, fluorine atom, chlorine atom, bromine atom,
iodine atom, methyl group, ethyl group, n-propyl group,
1-propyl group, n-butyl group, t-butyl group, methoxy group,
phenyloxy group, phenyl group, 1-naphthyl group, 2-naph-
thyl group and 2-biphenylyl group are more preferable for R*
and among these atoms and groups, hydrogen atom 1s much
more preferable for R”.

R” in the formula (1), formula (1"), formula (2), formula
(2"), formula (3), formula (3'), formula (4) and formula (4")
represents a C,_, alkyl group, C._, s aryl group, or C,_< biva-
lent group when two R> form a ring together.

R> in the formula (1), formula (1"), formula (2), formula
(2"), formula (3), formula (3'), formula (4) and formula (4')
will be specifically described.

Examples of the C,_, alkyl include a methyl group, ethyl
group, n-propyl group, 1-propyl group, n-butyl group, 1-butyl
group, s-butyl group and t-butyl group;

examples of the C,_,; aryl group include a phenyl group,
3,5-dimethylphenyl group, 2.4,6-trimethylphenyl group,
4-methylphenyl group, 1-naphthyl group, 2-biphenylyl
group, Z2-phenyl-1-naphthyl group, 2-methyl-1-naphthyl
group, 2-(3,5-dimethylphenyl)-1-naphthyl group, 2-(4-meth-
ylphenyl)-1-naphthyl group, and 2-methoxy-1-naphthyl
group; and

when two R> form a ring together, they are a C,_. bivalent
group and examples of the bivalent group include a trimeth-
ylene group and tetramethylene group.

R> in the formula (1), formula (1"), formula (2), formula
(2"), formula (3), formula (3'), formula (4) and formula (4') 1s
preferably phenyl group, 3,5-dimethylphenyl group, 2,4,6-
trimethylphenyl group, 4-methylphenyl group and tetrameth-
ylene group formed by bonding two R°, and among these
groups, tetramethylene group formed by bonding two R” each
other is more preferable for R”.

R* in the formula (1), formula (1"), formula (2), formula
(2'), formula (3), formula (3'), formula (4) and formula (4') 1s
hydrogen atom, halogen atom, C, _, alkyl group, C, _, alkoxy
group, nitro group or cyano group.

R* in the formula (1), formula (1'), formula (2), formula
(2"), formula (3), formula (3'), formula (4) and formula (4')
will be specifically described.

Examples of the halogen atom include a fluorine atom,
chlorine atom, bromine atom and 10dine atom: and

examples of the C,_, alkyl group include a methyl group,
cthyl group, n-propyl group, 1-propyl group, n-butyl group,
1-butyl group, s-butyl group and t-butyl group; and

examples of the C,_, alkoxy group include a methoxy
group, ethoxy group, n-propoxy group, 1-propoxy group,
n-butoxy group, 1-butoxy group, s-butoxy group and t-butoxy
group.

R* in the formula (1), formula (1"), formula (2), formula
(2"), formula (3), formula (3'), formula (4) and formula (4') 1s
preferably hydrogen atom, fluorine atom, chlorine atom, bro-
mine atom, methyl group, ethyl group, n-propyl group, 1-pro-
pyl group, n-butyl group, 1-butyl group, s-butyl group, t-butyl
group, methoxy group, ethoxy group, n-propoxy group,
1-propoxy group, n-butoxy group, i-butoxy group, s-butoxy
group and t-butoxy group. Of these atoms and groups, hydro-
gen atom is more preferable for R*.
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M 1n the formula (1), formula (1'), formula (2), formula
(2"), formula (3), formula (3'), formula (4) and formula (4')
represents T1J'J* (in TiJ'J*, Tirepresents a titanium atom, and
J" and J* each independently represent a halogen atom or C, _,
alkoxide group, or J' and J* are bonded together to represent
an oxygen atom, or J' and J* are bonded together to form a
ring represented by the formula (5) of bivalent group,

()

in which, 1 partial structure of O-E-O, O represents an
oxygen atom and O-E-O 1s represented by following formula
(6) 1n formula (1); O-E-O 1s represented by following formula
(6') 1n formula (1"); O-E-O 1s represented by following for-
mula (7) in formula (2); O-E-O 1s represented by following
formula (7') in formula (2'); O-E-O 1s represented by follow-
ing formula (8) 1 formula (3); O-E-O 1s represented by
following formula (8") in formula (3'); O-E-O 1s represented
by following formula (9) in formula (4); O-E-O 1s represented
by following formula (9') 1n formula (4'); and

(6)

(6')

(7)
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-continued

(8)

(8')

-
\\_ O O / \/
2 el = Y

()

(9°)

R4

b represents an integer of 1 to 10; R', R*, R® and R* are the
same as described above.
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When I' and J* are bonded together to represent an oxygen
atom, the formula (1), formula (1'), formula (2), formula (2'),
formula (3), formula (3'), formula (4) and formula (4") are
mononuclear oxotitanium complexes as whole molecular
structures, and when J* and J* are bonded together to form a
ring represented by the formula (5) of bivalent group, the
formula (1), formula (1'), formula (2), formula (2'), formula
(3), formula (3"), formula (4) and formula (4") are (b+1)
nuclear p-oxotitanium complexes of multinuclear complexes
as whole molecular structures.

In addition, when the formula (1), formula (1'), formula
(2), formula (2"), formula (3), formula (3"), formula (4) and
formula (4') are the oxotitanium complexes or the (b+1)
nuclear ut-oxotitanium complexes, an optically active tita-
nium complex may be a mixture of these oxotitanium com-
plexes or (b+1) nuclear p-oxotitanium complexes 1n which b
1s any one state ol 1 to 10.

Preferable J' and J* are when J' and J* are bonded together
to represent an oxygen atom, or J' and J* are bonded together
to form a ring represented by the formula (5) of bivalent
group. In such cases, an optically active titanium complex 1s
a mononuclear oxotitanmium complex or a (b+1) nuclear p-ox-
otitanium complex (1n which b 1s an integer of 1 to 10).

Moreover, optically active titanium complexes according,
to the present invention are categorized into optically active
titanium-salalen complexes represented by the formula (1),
formula (1"), formula (3) and formula (3"), and titantum-salan
complexes represented by the above-mentioned formula (2),
formula (2'), formula (4) and formula (4'), and combinations
of preferable substitution groups and structures of whole
molecules will be described.

The optically active titanium-salalen complexes repre-
sented by the above-mentioned formula (1), formula (1),
formula (3) and formula (3") represents J' and J* are bonded
together to form a ring represented by the formula (5) of
bivalent group, and 1t 1s pretferable that b 1s 1 1 the formula
(5). In this case, the formula (1), formula (1'), formula (3) and
formula (3') are binuclear u-oxotitanium complexes repre-
sented by the following formula (18) and formula (18') as
whole molecular structures.

(18)

(18')

(in which, O—NH-—N—01s the following formula (19) in

the formula (1), following formula (19') 1n the formula (1),
following formula (20) 1n the formula (2) and following for-
mula (20') 1n the formula (2")), and
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(19)

R’ R
NH —

(19)

(20)

(20)

R4

(in which R', R, R’ and R* are the same as previous
definitions) the complex of the formula (18') 1s an enantiomer
of the complex of the formula (18)).

Of the optically active titanium-salalen complexes, com-
binations of particularly preferable substitution groups and
structures of whole molecules will be described. A particu-
larly preterable optically active titanium-salalen complexes
are represented by the formula (18) and formula (18"), and the
partial structures of O—NH-—N—O 1n the formulae which
are represented by the following formula (21), (21'), (22) or

(22)

(21)
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are a binuclear (aRSA,aRSA)-di-p-oxotitanium complex and

65 a binuclear (aSRA,aSRA)-di-u-oxotitanium complex.
Combinations of particularly preferable substitution
groups ol the optically active titammum-salan complexes rep-
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resented by the formula (2), formula (2'), formula (4) and bivalent group, in which b 1s an integer of 1 to 10, and partial

formula (4") include mononuclear oxotitanium complexes structures ol O-E-O are represented by the following formula
represented by the following formulae (23), (23"), (24) and (25), (25", (26) or (26')
(24",
5
(25)
(23)
10

15 \
F;C / \ CF;

» (25)

(23)

25

30 —
F4C / \ CF;

(26)

(24) 35
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24’
(24') 5
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or u-oxotitanmium oligomer which 1s formed by bonding
(b+1) pieces of mononuclear oxotitanium complexes (b 1s an

(in which M represents TiJ'J*, and J' and J* are bonded 45 integer of 1 to 10).

together to represent an oxygen atom, or J' and J* are bonded Then, a process for producing optically active titanium
together to form a ring represented by the formula (5) of complexes represented by the formula (1), formula (1'), for-
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mula (2), formula (2"), formula (3), formula (3'), formula (4)
and formula (4') will be described.

Salan ligands represented by the formula (29), formula
(29"), formula (31) and formula (31') which are the ligands of
titanium-salan complexes represented by the formula (2),
formula (2"), formula (4) and formula (4") respectively can be
produced by reducing salen compounds represented by the
following formula (28), formula (28"), formula (30) and for-

mula (30'), respectively.

Examples of reducing agents include sodium borohydride
(NaBH,), sodium borocyanohydride (NaBH,CN) and

lithium aluminum hydnde (Li1AlH,), and sodium borohy-
dride (NaBH,) 1s preferable.

Salen Ligand (28)

Salen Ligand (28")

Salan Ligand (29)

/7 NH HN
R24< OH HO / \ R?
X/ _ 4,
R R
\Rl R/
Salan Ligand (29')
R7 R’
NH HN
R —\ OH HO / \ R”
R4//\ / _\ R4
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-continued
Salen Ligand (30)

R R

/:N N—

7 \

_w

—f R4

OH HO

Rl

Salen Ligand (30')

R4(<_/ / l OH HO l _&w

Optically active titanium salan complexes represented by
the formula (2), formula (2"), formula (4) and formula (4') can
be produced by reacting the corresponding salan ligands with
a titanium alkoxide, titanium tetrachloride or titanium tetra-
bromide 1n an organic solvent such as dichloromethane, and
then treating the resultant mixture with water or a water-
containing solvent (a mixed solvent made by containing 0.1 to
100% by mass of water 1n an organic solvent, and examples of
an organic solvent for use include THF, methanol and 1-pro-
panol). A used amount of water 1s preferably 1n the range of 1
to 1,000 mols and more preferably in the range of 1 to 10 mols
to an equivalent of the above-mentioned salan ligand.

In addition, the above-mentioned optically active titanium-
salan complex 1s generated 1n situ, and asymmetric epoxida-
tion of a chromene compound can also be conducted without
1solating the complex as a catalyst.

On this occasion, addition of water can also be conducted
by adding hydrogenperoxide aqueous solution used as an

oxidation agent.
As titanium compounds, titanium alkoxides are preferable,
and examples of the titanium alkoxides include titanium tet-
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ramethoxide, titanium tetracthoxide, titanium tetra-n-pro-
poxide, titamum tetra-1-propoxide, titanium tetra-n-butoxide
and titanium tetra-t-butoxide. Of these titanium alkoxides,
titanium tetra-1-propoxide (11(O1-Pr),) 1s more preferable. A
used amount of a titanium alkoxide 1s preferably 1n the range
of 1 to 2 mols per mol of the above-mentioned salan ligand.

Optically active titamium salalen complexes represented by
the formula (1), formula (1"), formula (3) and formula (3') can
be produced by the method described in Non-patent Docu-
ment 8 (Angew. Chem. Int. Ed. (2005), 44, 4935-4939). That
1s, the salalen complex can be produced by reacting the cor-
responding salen ligand with a titanium alkoxide; forming a
titanium complex with reducing one of two 1mino bonds in
the salen ligand by using Meerwein-Ponndrot-Verley (MPV)
reduction reaction; and atter completion of the reaction, treat-
ing the resultant mixture with water or a water-containing
solvent (a mixed solvent made by containing 0.1 to 100% by
mass ol water 1 an organic solvent, and examples of an
organic solvent for use include THF, methanol and 1-pro-
panol).

In addition, the above-mentioned optically active titantum-
salalen complex 1s generated in situ, and asymmetric epoxi-
dation of a chromene compound can also be conducted with-
out 1solating the complex as a catalyst.

Examples of the titammum alkoxides include titanmium tet-
ramethoxide, titanium tetracthoxide, titanium tetra-n-pro-
poxide, titamum tetra-1-propoxide, titanium tetra-n-butoxide
and tetra-t-butoxide. Of these titanium alkoxides, titanium
tetra-1-propoxide (T1(O1-Pr), ) 1s preferable. Used amount of a
titanium alkoxide 1s preferably 1n a range of 1 to 2 mols per
mol of the above-mentioned salan ligand. Used amount of
water 1s preferably in a range of 1 to 1000 mols and more
preferably 1n a range of 1 to 10 mols to an equivalent of the
above-mentioned salan ligand.

Examples of reaction solvents used 1n the production of the
optically active titanium complex include an aprotic organic
solvent, a protic organic solvent or a mixture thereof.
Examples of the aprotic organic solvent include a halogen-
type solvent, an aromatic hydrocarbon-type solvent, an ester-
type solvent, an ether-type solvent or a nitrile type-solvent,
and specifically include dichloromethane, chloroform, 1,2-
dichloroethane, chlorobenzene, toluene, ethyl acetate, tet-
rahydrofuran, diethylether, butyronitrile, propionitrile and
acetonitrile. Examples of the protic organic solvent include
an alcohol type solvent, and specifically include ethanol,
1-propanol and t-butanol.

A preferable reaction solvent i1s dichloromethane, 1,2-
dichloroethane, chlorobenzene, toluene and ethyl acetate of
the aprotic organic solvent.

In a producing process of the present invention, one of the
enantiomers of a chromene oxide compound can be produced
in high selectivity by asymmetric epoxidation of a chromene
compound, which 1s a starting material, using an optically
active titantum complex of the formula (1), formula (1'),
formula (2), formula (2'), formula (3), formula (3'), formula
(4) and formula (4"). Specifically, one of the two enantiomers
of an optically active chromene oxide compound can be
selectively produced by using any of the complex of the
formula (1) and of the complex of the formula (1'); one of the
two enantiomers ol an optically active chromene oxide com-
pound can be selectively produced by using any of the com-
plex of the formula (2) and of the complex of the formula (2');
one of the two enantiomers of an optically active chromene
oxide compound can be selectively produced by using any of
the complex of the formula (3) and of the complex of the
tormula (3'); and one of the two enantiomers of an optically
active chromene oxide compound can be selectively pro-
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duced by using any of the complex of the formula (4) and of
the complex of the formula (4").

A process for producing an optically active chromene
oxide compound according to the present invention will now

be described.

This process 1s a process for producing an optically active

chromene oxide compound represented by the formula (14),
formula (15) formula (16) or formula (17),

(14)

\ Lx
R?/\K\O RIU
RS
(15)
O
\ %
\ |
F \O R0
(16)
O
\ 3 >
\ R
P \O R 10

(17)

in which R>, R®, R’, R®, R”, R'°, A, W, X, Y and Z are the
same as described below and an absolute configuration of the
carbon atoms indicated by * are (R) or (S); by dissolving a
chromene compound represented by the formula (10), for-
mula (11), formula (12) or formula (13) and an optically
active titanium complex represented by the formula (1), for-
mula (1'), formula (2), formula (2'), formula (3), formula (3'),
formula (4) and formula (4') into an organic solvent under
nitrogen atmosphere or air atmosphere, and by asymmetric
epoxidation by adding an oxidizing agent to the reaction
solution and stirring,

(10)

RS
\)\ x

RO
\ .
R?/Y\o R
RS
(11)
‘ XX N
F NG R 10
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-continued
(12)
T X
\ R
/\O R 10
(13)
W
X T X
\ R
Y,
Z/ \X/ F 5 R0

in which R>, R°, R’ and R® in the formula (10) each inde-

pendently represent a hydrogen atom, cyano group, nitro
group, halogen atom, C, _, alkyl group (the alkyl group may
be optionally substituted with a halogen atom, hydroxy
group, cyano group, nitro group, C,_, alkoxy group, C,_,
alkylcarbonyloxy group, C,_, alkylcarbonylamino group or
C, 4, alkoxycarbonyl group (the alkoxy group, alkylcarbony-
loxy group, alkylcarbonylamino group and alkoxycarbonyl
group may be optionally substituted with a halogen atom)),
C,_, alkoxy group (the alkoxy group may be optionally sub-
stituted with a halogen atom, hydroxy group, cyano group,
nitro group, C, _, alkoxy group, C, _, alkylcarbonyloxy group,
C,_, alkylcarbonylamino group or C, _, alkoxycarbonyl group
(the alkoxy group, alkylcarbonyloxy group, alkylcarbony-
lamino group and alkoxycarbonyl group may be optionally
substituted with a halogen atom)), C,_, alkylcarbonylamino
group (the alkylcarbonylamino group may be optionally sub-
stituted with a halogen atom, phenyl group (the phenyl group
may be optionally substituted with a halogen atom, hydroxy
group, cyano group, nitro group, C,_, alkyl group or C, _,
alkoxy group)), C,_, alkylcarbonyl(N—C,_, alkyl)amino
group (the alkylcarbonyl(N-alkyl)amino group may be
optionally substituted with a halogen atom), C,_, alkoxycar-
bonyl group (the alkoxycarbonyl group may be optionally
substituted with a halogen atom), C,_,, arylcarbonylamino
group (the arylcarbonylamino may be optionally substituted
with a halogen atom, C,_, alkyl group, C,_, alkoxy group,
cyano group or nitro group), C,_,, arylcarbonyl(N—C, _,
alkyl)amino group (the arylcarbonyl(N-alkyl)amino group
may be substituted with a halogen atom, C,_, alkyl group,
C, . alkoxy group, cyano group or nitro group), benzylcar-
bonylamino group, formyl group, carbamoyl group, C,_,
alkylsulfonyl group, C._,, arylsulfony group (the alkylsulio-
nyl group and arylsulfony group may be substituted with a
halogen atom, C,_, alkyl group, C,_, alkoxy group, cyano
group or nitro group), sulfamoyl group, C,_, alkylsulifona-
mide group, C._,, arylsulfonamide group (the alkylsulfona-
mide group and arylsulionamide group may be substituted
with a halogen atom, C,_, alkyl group, C,_, alkoxy group,
cyano group or nitro group), bis(C,_, alkylsulfone)imide
group (alkylsulfone of the bis(alkylsulione)imide group may
be substituted with a halogen atom, C,_, alkyl group, C, _,
alkoxy group, cyano group or nitro group), bis(C,_,, arylsul-
fone)yimide group (arylsulfone of the bis (arylsulfone)imide
group may be substituted with a halogen atom, C,_, alkyl
group, C,_, alkoxy group, cyano group or nitro group), or
(N,N'—(C, _, alkylsulfone) (C,_,, arylsulione))imide group
(alkylsulifone and arylsulfone of the (N,N'-(alkylsulfone) (ar-
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ylsulfone)imide group may be substituted with a halogen
atom, C,_, alkyl group, C,_, alkoxy group, cyano group or
nitro group);

R” and R'® in the formula (10) each independently repre-
sent a hydrogen atom, C, _. alkyl group (the alkyl group may
be optionally substituted with a halogen atom, C,_. alkoxy
group (the alkoxy group may be optionally substituted with a
halogen atom) or hydroxy group) or C_,, aryl group (the aryl
group may be optionally substituted with a halogen atom,
hydroxy group, nitro group, cyano group, C,_ alkyl group
(the alkyl group may be optionally substituted with a halogen
atom, C, . alkoxy group (the alkoxy group may be optionally
substituted with a halogen atom) or hydroxy group) or C, _
alkoxy group (the alkoxy group may be optionally substituted
with a halogen atom));

R” and R'® in the formula (11) and formula (12) each
independently represent hydrogen atom, C, _. alkyl group (the
alkyl group may be optionally substituted with a halogen
atom, C, . alkoxy group (the alkoxy group may be optionally
substituted with a halogen atom) or hydroxy group), or C_, ,
aryl group (the aryl group may be optionally substituted with
a halogen atom, hydroxy group, nitro group, cyano group,
C,_¢ alkyl group (the alkyl group may be optionally substi-
tuted with a halogen atom, C,_, alkoxy group (the alkoxy
group may be optionally substituted with a halogen atom) or
hydroxy group) or C,_, alkoxy group (the alkoxy group may
be optionally substituted with a halogen atom));

partial ring structure A 1n the formula (11) and formula (12)
represents a partial structure being represented by 5-, 6- or
7-membered ring forming a fused ring with benzene ring part
(each of the 5-, 6- or 7-membered ring may be optionally
substituted withh R** (R may be optionally substituted with
a halogen atom, hydroxyl group, C, _; alkyl group (the alkyl
group may be optionally substituted with a halogen atom,
hydroxy group, cvano group, amino group, nitro group, C, _,
alkoxy group, C, _, alkylcarbonyloxy group, C, _, alkylcarbo-
nylamino group or C,_, alkoxycarbonyl group (the alkoxy
group, alkylcarbonyloxy group, alkylcarbonylamino group
and alkoxycarbonyl group may be optionally substituted with
a halogen atom)), C, . alkoxy group (the alkoxy group may
be optionally substituted with a halogen atom, hydroxy
group, cyano group, amino group, nitro group, C,_, alkoxy
group, C,_, alkylcarbonyloxy group, C,_, alkylcarbony-
lamino group or C,_, alkoxycarbonyl group (the alkoxy
group, alkylcarbonyloxy group, alkylcarbonylamino group
and alkoxycarbonyl group may be optionally substituted with
a halogen atom)), nitro group, cyano group, formyl group,
formamide group, carbamoyl group, sulfo group, sulfoamino
group, sulfamoyl group, sulfonyl group, amino group, car-
boxyl group, C,  alkylamino group, di-C,_. alkylamino
group, C,_ . alkylcarbonylamino group, C, . alkylsulfona-
mide group, C,_,, arylsulfonamide group, C,_. alkylami-
nocarbonyl group, di-C,_, alkylaminocarbonyl group, C,
alkylcarbonyl group, C, _ alkoxycarbonyl group, C, _. alkyl-
sultonyl group, C_, , arylsulfonyl group, or C_, , arylcarbo-
nyl group (the alkylamino group, dialkylamino group, alky-
lcarbonylamino group, alkylsulfonamide group.,
arylsulfonamide group, alkylaminocarbonyl group, dialky-
laminocarbonyl group, alkylcarbonyl group, alkoxycarbonyl
group, alkylsultonyl group, arylsulfonyl group, or arylcarbo-
nyl group may be optionally substituted with a halogen atom);




US 8,394,974 B2

41

h 1s an integer of 1 to 6 and when h 1s an 1nteger of 2 to 6, each
R" may be the same or different); 1 to 3 of oxygen atom(s),
nitrogen atom(s) or sulfur atom(s) can be contained singly or
in combination as constituent atoms of the ring; the number of
unsaturated bond(s) containing unsaturated bond(s) 1n ben-
zene ring condensed 1s 1, 2 or 3 and carbon atom(s) compos-
ing the ring may be carbonyl group or thionyl group); X 1n the
formula (13) represents NR*° (R*” means hydrogen atom or
C, . alkyl group); Y in the formula (13) represents a chemical
bonding, SO or SO,; Z 1n the formula (13) represents a C, _,
alkyl group (the alkyl group may be optionally substituted
with 1 to 5 halogen atom(s) or a phenyl group (the phenyl
group may be optionally substituted with a C,_, alkyl group))
or phenyl group (the phenyl group may be optionally substi-
tuted with a C,_, alkyl group); W 1n the formula (13) repre-
sents a hydrogen atom, hydroxy group, C, _. alkoxy group (the
alkoxy group may be optionally substituted with a halogen
atom), halogen atom, C,_, alkyl group or C,_, alkylsulifona-
mide group (the alkyl group and alkylsulfonamide group may
be optionally substituted with a halogen atom); and

R” and R'" in the formula (13) each independently repre-
sent a hydrogen atom, C,_. alkyl group (the alkyl group may
be optionally substituted with a halogen atom, C, _. alkoxy
group (the alkoxy group may be optionally substituted with a
halogen atom), or hydroxy group), or C,_,, aryl group (the
aryl group may be optionally substituted with a halogen atom,
hydroxy group, nitro group, cyano group, C, . alkyl group
(the alkyl group may be optionally substituted with a halogen
atom or C, _. alkoxy group (the alkoxy group may be option-
ally substituted with a halogen atom) or hydroxy group) or
C, ¢ alkoxy group (the alkoxy group may be optionally sub-
stituted with a halogen atom)). This optically active chromene

oxide compound can be produced by a method shown 1n the
reaction formula 1.

Reaction formula 1

RS
Rﬁ
N
RO\
R’ O R0
RS
(10) OPTICALLY
ACTIVE
QAN TITANIUM
A R” COMPLEX
10
O R OXIDIZING
(11) REAGENT
-
ORGANIC
§ SOLVENT
R9
O Rl )]

(13)
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-continued

/"

The reaction formula 1, in whichR>, R°,R’,R®,R”,R'", A,
W, X.Y and 7 are the same as described above and an absolute
coniiguration of the carbon atoms indicated by * 1s (R) or (S),
illustrates a process for producing an optically active
chromene oxide compound represented by the formula (14),
formula (15), formula (16) and formula (17) by treating a
chromene compound represented by the formula (10), for-
mula (11), formula (12) and formula (13), respectively, with
an oxidizing agent and an optically active titantum complex.

A chromene compound represented by the formula (10),
formula (11), formula (12) and formula (13), which 1s a
starting material of the present invention, can be synthesized
using following general synthesis methods for benzopyran
ring. Synthesis of the fused ring 1n the formula (11) and
formula (12) can be achieved by using the following various
synthesis methods for heterocycles arbitrarily in combination
with synthesis methods for benzopyran ring.

General Synthesis Methods for Benzopyran Ring

A benzopyran ring can be synthesized according to the
known processes (the processes described 1n J. M. Evans, et
al., J. Med. Chem. 1984, 27, 1127., J. Med. Chem. 1986, 29,
2194., J. T. North, et al., J. Org. Chem. 1995, 60, 3397.,
Japanese Patent Application Publication Nos. JP-A-36-
57785, JP-A-56-57786, JIP-A-58-188880, JP-A-2-141, JP-A-
10-87650 and JP-A-11-209366, and other references)

Indole and Oxyindole

Indole and oxyindole can be synthesized according to the
known processes (the processes described 1n T. Sakamoto, et
al., Heterocycles, 1986, 24, 31., M. Belley, et al., Synthesis,
2001, 222., A. D. Cross, etal., J. Chem. Soc., 1961, 2714 and
other references).

Imidazolinone

Imidazolinone can be synthesized according to the known
process (The process described 1n J. Kitteringham, et. al.,
Synthetic Commun., 2000, 30, 1937).

Quinoline

Quinoline can be synthesized according to the known pro-

cesses (the processes described 1 S. Imor, et al., Synthetic
Commun., 1996, 26, 2197., Y. Kitahara, et al., Tetrahedron,

1997, 53, 6001., A. G. Osborne, et al., J. Chem. Soc. Perkin
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Trans. 1993, 1, 181., R. T. Shuman, et al., J. Org. Chem.,
1990, 55, 738., 1. Sakamoto, et al., Chem. Pharm. Bull., 1981,
29, 2485.,Y. Tsup, et al., J. Org. Chem., 1987, 52, 1673., 7.
Song, et al., J. Heterocyclic Chem., 1993, 30, 17. and other
references).

Quinolinone

Quinolinone can be synthesized according to the known

processes (the processes described i M. R. Sabol, et al.,
Synthetic Commun., 2000, 30, 427., Z-Y. Yang, et al., Tetra-

hedron Lett., 1999, 40, 4505., H-B Sun, et al., Synthesis,
1997, 1249., A. Guiotto, et al., J. Heterocyclic Chem., 1989,
26, 9177., K. Konno, et al., Heterocycles, 1986, 24, 2169., E.
Fernandez, et al., Synthesis, 1995, 1362 and other refer-
ences).

Benzothiazole and Triazole

Benzothiazole and triazole can be synthesized according to
the known processes (the processes described in N B. Ambata,
et al., Synthetic Commun., 1997, 27, 1487., D. E. Burton, et
al., J. Chem. Soc (C)., 1968, 1268. and other references).

Quinoxaline and Quinoxalinone

Quinoxaline and quinoxalinone can be synthesized

according to the known processes (the processes described 1n
I.H. Liu, et al., J. Org. Chem., 2000, 65,3395.,J. . L1, et al.,

Tetrahedron Lett., 1999, 40, 4507., Y. Ahmed, et al., Bull.
Chem. Soc. Jpn., 1987, 60, 1145. and other references).
Benzoxazinone
Benzoxazinone can be synthesized according to the known
processes (the processes described mn G. H. Jones, et al., J.
Med. Chem., 1987, 30, 293., J. L. Wnight, et al., J. Med.
Chem., 2000, 43, 3408., M. Kluge, et al., J. Heterocyclic

Chem., 1995, 32, 393. and other references).

Compounds represented by the formula (35) and (36) can
be obtained by reacting the compound (33) with the com-
pound (34) (Reference: Y. Tsuji, et al., J. Org. Chem., 1987,
52, 1673).

Rl4 Rlﬁ
HO OH
H>N 15
N /\ \ R
‘ R’ (34)
\/\O R 10 Al
(33)

RQ'
RIO
RQ'
RICI

(36)

Compounds represented by the formula (35) and (36) can
also be obtained by reacting the compound (33) with the
compound (37) 1n the presence of an acid catalyst (Refer-
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ences: Y. Kitahara, et al., Tetrahedron, 1997, 53, 6001., Z.
Song, et al., J. Heterocyclic Chem., 1993, 30, 17).

O
R 147 TRy R16
H>N 15
\/\ \ R
‘ R” (37) _
\/\O 10 ACID CATALYST
(33)
R N
Z N XYy X
R9
R 13 AN F 0 R 10

(36)

A chromene compound represented by the following for-
mula (40) can be synthesized from a compound (38) and
obtained by reducing nitro group of the compound (38) to
obtain an amine compound (39) with platinum/carbon cata-
lyst, and then mesylating the amino group of the compound

(39).
MeO N X 204 PH/C
‘ NH,NH,*H,O
-
Pas EtOH
O,N 60-65° C
(38)
MeO Ms(C]
D /\
NN 9 NEt;
‘ R r— -
OZN/\/\O RI0  25-30°C.
(39)
Me(O
X
RQ‘
Ms,N O RO
(40)

Each substitution group of chromene compounds repre-
sented by the formula (10), formula (11), formula (12) and
formula (13) will be specifically described.

Each substitution group of the formula (10) will be
described. Each R”, R®, R” and R® in the formula (10) each
independently represent a hydrogen atom, cyano group, nitro
group, halogen atom, C, _, alkyl group (the alkyl group may
be optionally substituted with a halogen atom, hydroxy
group, cyano group, nitro group, C,_, alkoxy group, C,_,
alkylcarbonyloxy group, C,_, alkylcarbonylamino group or
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C,_, alkoxycarbonyl group (the alkoxy group, alkylcarbony-
loxy group, alkylcarbonylamino group and alkoxycarbonyl
group may be optionally substituted with a halogen atom)),
C,_, alkoxy group (the alkoxy group may be optionally sub-
stituted with a halogen atom, hydroxy group, cyano group,
nitro group, C, _, alkoxy group, C, _, alkylcarbonyloxy group,
C, . alkylcarbonylamino group or C, _, alkoxycarbonyl group
(the alkoxy group, alkylcarbonyloxy group, alkylcarbony-
lamino group and alkoxycarbonyl group may be optionally
substituted with a halogen atom)), C,_, alkylcarbonylamino
group (the alkylcarbonylamino group may be optionally sub-
stituted with a halogen atom, C_, ; aryl group (the C_,, aryl
group may be optionally substituted with a halogen atom,
hydroxy group, cyano group, nitro group, C, _, alkyl group or
C,_, alkoxy group)), C,_, alkylcarbonylN—C,_, alkyl)
amino group (the alkylcarbonyl(N-alkyl)amino group may be
optionally substituted with a halogen atom), C,_, alkoxycar-
bonyl group (the alkoxycarbonyl group may be optionally
substituted with a halogen atom), C,_,, arylcarbonylamino
group (the arylcarbonylamino group may be optionally sub-
stituted with a halogen atom, C, _, alkyl group, C,_, alkoxy
group, cyano group or nitro group), C._,, arylcarbonyl(N—
C, . alkyl)amino group (the arylcarbonyl(N-alkyl)amino
group may be optionally substituted with a halogen atom,
C,_, alkyl group, C,_, alkoxy group, cyano group or nitro
group), benzylcarbonylamino group, formyl group, carbam-
oyl group, C,_, alkylsultfonyl group (the alkylsulfonyl group
may be optionally substituted with a halogen atom), C_,
arylsulfony group (the arylsulfony group may be optionally
substituted with a halogen atom, C,_, alkyl group, C,_,
alkoxy, group cyano group or nitro group), sulfamoyl group,
C,_, alkylsulfonamide group, C._,, arylsulfonamide group
(the alkylsulfonamide group and arylsulfonamide group may
be optionally substituted with a halogen atom, C,_, alkyl
group, C,_, alkoxy group, cyano group or nitro group), bis
(C,_, alkylsulfone)imide group (alkylsulfone of the bis(alkyl-
sulfone)imide group may be optionally substituted with a
halogen atom, C,_, alkyl group, C,_, alkoxy group, cyano
group or nitro group), bis(C,_, 5 arylsulfone)imide group (ar-
ylsulfone of the bis(arylsulione)imide group may be option-
ally substituted with a halogen atom, C,_, alkyl group, C,_,
alkoxy group, cyano group or nitro group), or (N,N'—(C, _,
alkylsulfone) (C,_,, arylsulfone))imide group (alkylsulione
and arylsulfone of the (N,N'-(alkylsultone) (arvlsulfone))im-
1de group may be optionally substituted with a halogen atom,
C,_, alkyl group, C,_, alkoxy group, cyano group or nitro
group).

Each substitution group of R, R°, R” and R® in formula
(10) will be specifically described.

Examples of the halogen atom include a fluorine atom,
chlorine atom, bromine atom and 10dine atom; examples of
the C, _, alkyl group include a methyl group, trifluoromethyl
group, trichloromethyl group, ethyl group, n-propyl group,
1-propyl group, c-propyl group, n-butyl group, 1-butyl group.,
s-butyl group, t-butyl group and c-butyl group; examples of
the C, , alkoxy group include a methoxy group, trifluo-
romethoxy group, trichloromethoxy group, ethoxy group,
N-propoxy group, 1-propoxy group, C-propoxy group, n-bu-
toxy group, 1-butoxy group, s-butoxy group, t-butoxy group
and c-butoxy group; examples of the C,_, alkylcarbony-
lamino group include a methylcarbonylamino group, trifluo-
romethylcarbonylamino group, trichloromethylcarbony-
lamino group, cthylcarbonylamino group,
n-propylcarbonylamino  group, 1-propylcarbonylamino
group, c-propylcarbonylamino group, n-butylcarbonylamino
group, 1-butylcarbonylamino group, s-butylcarbonylamino
group, t-butylcarbonylamino group, c-butylcarbonylamino
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group, p-methoxyphenylmethylcarbonylamino group, p-ni-
trophenylmethylcarbonylamino group and p-methoxyphe-
nylethylcarbonylamino group; examples of the C,_, alkylcar-
bonyl(N—C, _, alkyl)amino group include a methylcarbonyl
(N-methyl)amino group, trifluoromethylcarbonyl(N-methyl )
amino group, methylcarbonyl(N-ethyl)amino  group,
tritfluoromethylcarbonyl(IN-ethyl)amino group, ethylcarbo-
nyl(N-ethyl)amino group, n-propylcarbonyl(IN-ethyl)amino
group, 1-propylcarbonyl(N-ethyl)amino group, c-propylcar-
bonyl(N-ethyl)amino group, n-butylcarbonyl(IN-ethyl)amino
group, 1-butylcarbonyl(N-ethyl)amino group, s-butylcarbo-
nyl(N-ethyl)amino group, t-butylcarbonyl(IN-ethyl)amino
group and c-butylcarbonyl(N-ethyl)amino group; examples
of the C, _, alkoxycarbonyl group include a methoxycarbonyl
group, trifluoromethoxycarbonyl group, ethoxycarbonyl
group, n-propoxycarbonyl group, 1-propoxycarbonyl group,
c-propoxycarbonyl group, n-butoxycarbonyl group, 1-bu-
toxycarbonyl group, s-butoxycarbonyl group, t-butoxycarbo-
nyl group and c-butoxycarbonyl group; examples of the C_,
arylcarbonylamino group include a phenylcarbonylamino
group, 1-naphthylcarbonylamino group and 2-naphthylcar-
bonylamino group; examples of the C,_,, arylcarbonyl(IN—
C,_, alkyl)amino group include a phenylcarbonyl (N-methyl)
amino  group, phenylcarbonyl(N-ethyl)amino  group,
1 -naphthylcarbonyl(N-ethyl)amino group and 2-naphthyl-
carbonyl(N-ethyl)amino group; examples of the C,_, alkyl-
sulfonyl group include a methanesulionyl group, tritluo-
romethanesulionyl group, cthanesulfonyl group,
n-propanesulionyl group, 1-propanesulionyl group, c-pro-
panesulfonyl group, n-butanesulfonyl group, 1-butanesulio-
nyl group, s-butanesulfonyl group, t-butanesulfonyl group
and c-butanesulionyl group; examples of the C,_,, arylsulio-
nyl group 1nclude benzenesulionyl group, p-fluorobenzene-
sulfonyl group, p-toluenesulionyl group, 1-naphthalene-
sulfonyl group and 2-naphthalenesulfonyl group; examples
of the C,_, alkylsulfonamide group include a methane-
sulfonamide group, trifluoromethanesulifonamide group,
cthanesulfonamide group, n-propanesulfonamide group,
1-propanesulifonamide group, c-propanesulfonamide group,
n-butanesulfonamide group, i-butanesulfonamide group,
s-butanesulfonamide group, t-butanesulifonamide group and
c-butanesulfonamide group; examples of the C_,, arylsul-
fonamide group include a benzenesulifonamide group, p-fluo-
robenzenesulfonamide group, p-toluenesulfonamide group,
1 -naphthalenesulfonamide group and 2-naphthalenesuliona-
mide group; examples of the bis(C,_, alkylsulfone)imide
group include a bis(methanesulfone)imide group, bis(trifluo-
romethanesulifone)imide group, bis(ethanesulione)imide
group, bis(n-propanesulifone)imide group, bis(1-propane-
sulfone)imide group, bis(c-propanesulione)imide group, bis
(n-butanesulfone)imide group, bis(1-butanesulione)imide
group, bis(s-butanesulfone)imide group, bis(t-butane-
sulfone)imide group and bis(c-butanesulifone)imide group;
examples of the bis(C_, , arylsulfone)imide group include a
bis(benzenesulioneyimide  group, bis(p-fluorobenzene-
sulfone)imide group, bis(p-toluenesulione)imide group, bis
(1-naphthalenesulfone)imide group and bis(2-naphthalene-
sulfone)imide group; and examples of the (N, N—(C, _,
alkylsulfone)(C,_,, arylsulifone))imide group include a
(N,N'-(methane)(benzene))imide  group, (N,N'-(trifluo-
romethane)(benzene) imide group, (N,N'-(trifluoromethane)
(p-fluorobenzene))imide group, (IN,N'-(ethane)(benzene))
imide group, (N,N'-(methane)(p-toluene))yimide group,
(N,N'-(trifluoromethane)(p-toluene) ymide group, (N,N'-
(ethane)(p-toluene) ) imide group, (N,N'-(methane)(1-naph-
thalene))imide group, (N,N'-(trifluoromethane)(1-naphtha-
lene)imide group, (N,N'-(ethane)(1-naphthalene))imaide




US 8,394,974 B2

47

group, (N,N'-(methane)(2-naphthalene))imide group, (N,N'-
(trifluoromethane)(2-naphthalene))imide group and (IN,N'-
(ethane)(2-naphthalene) imide group.

R> and R® in the formula (10) independently preferably
represent a hydrogen atom, cyano group, nitro group, fluorine
atom, chlorine atom, bromine atom, 10odine atom, methyl
group, trifluoromethyl group, ethyl group, n-propyl group,
1-propyl group, c-propyl group, n-butyl group, 1-butyl group,
s-butyl group, t-butyl group, c-butyl group, methoxy group,
tritfluoromethoxy group, ethoxy group, n-propoxy group,
1-propoxy group, C-propoxy group, n-butoxy group, 1-butoxy
group, s-butoxy group, t-butoxy group, c-butoxy group,
methylcarbonylamino group, trifluoromethylcarbonylamino
group, ethylcarbonylamino group, n-propylcarbonylamino
group, 1-propylcarbonylamino group, c-propylcarbony-
lamino group, n-butylcarbonylamino group, 1-butylcarbony-
lamino group, s-butylcarbonylamino group, t-butylcarbony-
lamino group, c-butylcarbonylamino group, methylcarbonyl
(N-methyl)amino group, trifluoromethylcarbonyl(IN-methyl)
amino group, methylcarbonyl(N-ethyl)amino  group,
tritfluoromethylcarbonyl(N-ethyl)amino group, ethylcarbo-
nyl(N-ethyl)amino group, n-propylcarbonyl(IN-ethyl)amino
group, 1-propylcarbonyl(N-ethyl)amino group, c-propylcar-
bonyl(N-ethyl)amino group, n-butylcarbonyl(IN-ethyl)amino
group, 1-butylcarbonyl(N-ethyl)amino group, s-butylcarbo-
nyl(N-ethyl)amino group, t-butylcarbonyl(N-ethyl)amino
group, c-butylcarbonyl(N-ethyl)amino group, methoxycar-
bonyl group, trifluoromethoxycarbonyl group, ethoxycarbo-
nyl group, n-propoxycarbonyl group, 1-propoxycarbonyl
group, phenylcarbonylamino group, 1-naphthylcarbony-
lamino group, 2-naphthylcarbonylamino group, phenylcar-
bonyl(N-methyl)amino group, phenylcarbonyl(N-ethyl)
amino group, 1-naphthylcarbonyl(N-ethyl)amino group,
2-naphthylcarbonyl(N-ethyl)amino group, benzylcarbony-
lamino group, formyl group, carbamoyl group, methane-
sulfonamide group, trifluoromethanesulifonamide group,
cthanesulfonamide group, n-propanesulionamide group,
1-propanesulfonamide group, c-propanesulfonamide group,
n-butanesulfonamide group, 1-butanesulfonamide group,
s-butanesulfonamide group, t-butanesulfonamide group,
c-butanesulfonamide group, bis(methanesulfone)imide
group, bis(trifluoromethanesulfone)imide group, bis(ethane-
sulfone)imide group, bis(n-propanesulifone)imide group, bis
(1-propanesulfone)imide group, bis(c-propanesulionejimide
group, bis(n-butanesulfone)imide group, bis(1-butane-
sulfone)imide group, bis(s-butanesulione imide group, bis(t-
butanesulione)imide  group, bis(c-butanesulione)imide
group, bis(benzenesulfone)imide group, bis(p-toluene-
sulfone)imide group, bis(1-naphthalenesulifone)imide group,
bis(2-naphthalenesulfone)imide group, (N,N'-(methane)
(benzene) imide group, (N,N'-(trifluoromethane)(benzene))
imide group, (N,N'-(ethane)(benzene))imide group, (N,N'-
(methane)(p-toluene) imide group, (N,N'-(trifluoromethane)
(p-toluene))imide group, (N,N'-(ethane)(p-toluene))imide
group, (N,N'-(methane)(1-naphthalene))imide group, (N,N'-
(trifluoromethane)(1-naphthalene))imide  group, (IN,N'-
(ethane)(1-naphthalene))imide group, (N,N'-(methane)(2-
naphthalene))imide group, (N,N'-(trifluoromethane)(2-
naphthalene))imide group and (N,N'-(ethane)(2-
naphthalene))imide group, and more preferably hydrogen
atom, nitro group, tluorine atom, chlorine atom, methoxy
group, methylcarbonylamino group, methylcarbonyl(IN-
cthyl)amino  group,  bis(trifluoromethanesulione)imide
group, (IN,N'-(trifluoromethane)(benzene) imide group and
(N,N'-(trifluoromethane)(p-toluene) imide group.

R’ in the formula (10) preferably represents a hydrogen
atom, cyano group, nitro group, methanesulifonamide group,
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trifluoromethanesulfonamide group, ethanesulifonamide
group, n-propanesulfonamide group, 1-propanesulionamide
group, c-propanesulfonamide group, n-butanesulfonamide
group, 1-butanesulfonamide group, s-butanesulfonamide
group, t-butanesulfonamide group, c-butanesulfonamide
group, bis(methanesulfone)imide group, bis(trifluo-

romethanesulifone)imide group, bis(ethanesulione)imide
group, bis(n-propanesulione)imide group, bis(i-propane-
sulfone)imide group, bis(c-propanesulione)imide group, bis
(n-butanesulifone)imide group, bis(i-butanesulfone)imide
group, bis(s-butanesulione)imide group, bis(t-butane-
sulfone)imide group, bis(c-butanesulfone)imide group, bis
(benzenesulifone)imide group, bis(p-toluenesulione)imide
group, bis(1-naphthalenesulfone)mide group, bis(2-naph-
thalenesulfone)imide group, (N,N'-(imethane)(benzene))
imide group, (IN,N'-(trifluoromethane)(benzene))imide
group, (N,N'-(trifluoromethane )(p-fluorobenzene) ymide
group, (N,N'-(ethane)(benzene))ymide group, (N,N'-(meth-
ane)(p-toluene) imide group, (N,N'-(trifluoromethane)(p-
toluene)mide group, (IN,N'-(ethane)(p-toluene))imide
group, (N,N'-(methane)(1-naphthalene) imide group, (N,N'-
(trifluoromethane)(1-naphthalene))imide  group, (N,N'-
(ethane)(1-naphthalene))imide group, (IN,N'-(methane)(2-

naphthalene))imide  group, (IN,N'-(trifluoromethane)(2-
naphthalene))imide group and (N,N'-(ethane)(2-
naphthalene))imide group, and more preferable hydrogen

atom, nitro group, bis(methanesulfone)imide group, bis(trii-
luoromethanesulfone)imide group, (N,N'-(trifluoromethane)
(benzene))imide group and (N,N'-(trifluoromethane)(p-tolu-
ene))imide group.

R® in the formula (10) is preferably hydrogen atom, fluo-
rine atom, chlorine atom, cyano group, nitro group, methyl
group, trifluoromethyl group, ethyl group, n-propyl group,
1-propyl group, c-propyl group, n-butyl group, 1-butyl group,
s-butyl group, t-butyl group and c-butyl group, and more
preferably hydrogen atom, tluorine atom, nitro group, methyl
group and trifluoromethyl group.

R” and R"” in the formula (10) each independently repre-
sent a hydrogen atom, C, _. alkyl group (the alkyl group may
be optionally substituted with a halogen atom, C, _. alkoxy
group (the alkoxy group may be optionally substituted with a
halogen atom) or hydroxy group) or C_, ., aryl group (the aryl
group may be optionally substituted with a halogen atom,
hydroxy group, nitro group, cyano group, C,_. alkyl group
(the alkyl group may be optionally substituted with a halogen
atom, C, _. alkoxy group (the alkoxy group may be optionally
substituted with a halogen atom) or hydroxy group) or C, _
alkoxy group (the alkoxy group may be optionally substituted
with a halogen atom)).

Each substitution group of R” and R'® in the formula (10)
will be specifically described. Examples of the C, . alkyl
group include a methyl group, trifluoromethyl group, ethyl
group, n-propyl group, 1-propyl group, n-butyl group, 1-butyl
group, s-butyl group, t-butyl group, 1-pentyl group, 2-pentyl
group, 3-pentyl group, 1-pentyl group, neopentyl group, 2,2-
dimethylpropyl group, 1-hexyl group, 2-hexyl group, 3-hexyl
group, 1-methyl-n-pentyl group, 1.1,2-trnmethyl-n-propyl
group, 1,2,2-trimethyl-n-propyl group and 3,3-dimethyl-n-
butyl group; and examples of the C_,., aryl group include a
phenyl group, o-biphenylyl group, m-biphenylyl group, p-bi-
phenylyl group, 1-naphthyl group, 2-naphthyl group, 1-an-
thryl group, 2-anthryl group, 9-anthryl group, 1-phenanthryl
group, 2-phenanthryl group, 3-phenanthryl group, 4-phenan-
thryl group and 9-phenanthryl group.

R” and R' in the formula (10) are preferably hydrogen
atom, methyl group, trifluoromethyl group, ethyl group and
phenyl group, and more preferably methyl group.




US 8,394,974 B2

49

Each substitution group in the formula (11) and formula
(12) will be described.

R” and R' in the formula (11) and formula (12) each
independently represent a hydrogen atom, C,_, alkyl group
(the alkyl group may be optionally substituted with a halogen
atom, C, _. alkoxy group (the alkoxy group may be optionally
substituted with a halogen atom) or hydroxy group), or C_, ,
aryl group (the aryl group may be optionally substituted with
a halogen atom, hydroxy group, nitro group, cyano group,
C,_¢ alkyl group (the alkyl group may be optionally substi-
tuted with a halogen atom, C,_. alkoxy group (the alkoxy
group may be optionally substituted with a halogen atom) or
hydroxy group) or C, _. alkoxy group (the alkoxy group may
be optionally substituted with a halogen atom)).

Each substitution group of R” and R'® in the formula (11)
and formula (12) will be specifically described.

Examples of the C,_. alkyl group include a methyl group,
tritfluoromethyl group, ethyl group, n-propyl group, 1-propyl
group, n-butyl group, i1-butyl group, s-butyl group, t-butyl
group, 1-pentyl group, 2-pentyl group, 3-pentyl group, 1-pen-
tyl group, neopentyl group, 2,2-dimethylpropyl group,
1-hexyl group, 2-hexyl group, 3-hexyl group, 1-methyl-n-
pentyl group, 1,1.2-trimethyl-n-propyl group, 1,2.2-trim-
cthyl-n-propyl group and 3,3-dimethyl-n-butyl group; and
examples of the C,_,, aryl group include a phenyl group,
o-biphenylyl group, m-biphenylyl group, p-biphenylyl
group, 1-naphthyl group, 2-naphthyl group, 1-anthryl group.,
2-anthryl group, 9-anthryl group, 1-phenanthryl group,
2-phenanthryl group, 3-phenanthryl group, 4-phenanthryl
group and 9-phenanthryl group.

R” and R"” in the formula (11) and formula (12) are pref-
crably hydrogen atom, methyl group, trifluoromethyl group,
cthyl group and phenyl group, and more preferably methyl
group.

Partial ring structure A in the formula (11 ) and formula (12)
will be described. The partial nng structure A means that a
partial structure 1s represented by 3-, 6- or 7-membered ring,
forming a fused ring with benzene ring part (each of the 5-, 6-
or 7-membered ring may be optionally substituted withh R'"
(R'" may be optionally substituted with a halogen atom,
hydroxy group, C,_, alkyl group (the alkyl group may be
optionally substituted with a halogen atom, hydroxy group,
cyano group, amino group, nitro group, C,_, alkoxy group,
C,_,alkylcarbonyloxy group, C, _, alkylcarbonylamino group
or C,_, alkoxycarbonyl group (the alkoxy group, alkylcarbo-
nyloxy group, alkylcarbonylamino group and alkoxycarbo-
nyl group may be optionally substituted with a halogen
atom)), C, . alkoxy group (the alkoxy group may be option-
ally substituted with a halogen atom, hydroxy group, cyano
group, amino group, nitro group, C,_, alkoxy group, C,_,
alkylcarbonyloxy group, C,_, alkylcarbonylamino group or
C,_, alkoxycarbonyl group (the alkoxy group, alkylcarbony-
loxy group, alkylcarbonylamino group and alkoxycarbonyl
group may be optionally substituted with a halogen atom)),
nitro group, cyano group, formyl group, formamide group,
carbamoyl group, sulfo group, sulfoamino group sulfamoyl
group, sulfonyl group, amino group, carboxyl group, C,
alkylamino group, di-C,_, alkylamino group, C,_, alkylcar-
bonylamino group, C, _. alkylsulfonamide group, C._, ., aryl-
sulfonamide group, C,_, alkylaminocarbonyl group, di-C,
alkylaminocarbonyl group, C,_. alkylcarbonyl group, C,
alkoxycarbonyl group, C,_, alkylsulfonyl group, C,_,., aryl-
sulfonyl group, or C_, , arylcarbonyl group (the alkylamino
group, dialkylamino group, alkylcarbonylamino group,
alkylsulfonamide group, arylsulfonamide group, alkylami-
nocarbonyl group, dialkylaminocarbonyl group, alkylcarbo-
nyl group, alkoxycarbonyl group, alkylsulfonyl group, aryl-
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sulfonyl group, or arylcarbonyl group may be optionally
substituted with a halogen atom); h 1s an integer of 1 to 6 and
when h is an integer of 2 to 6, each R'" may be the same or
different); 1 to 3 of oxygen atom(s), nitrogen atom(s ) or sulfur
atom(s) can be contained singly or in combination as con-
stituent atoms of the nng; the number of unsaturated bond(s)
containing unsaturated bond(s) in benzene ring condensed 1s
1, 2 or 3 and carbon atom(s) composing the ring may be
carbonyl or thiocarbonyl).

The R'" will be specifically described.

Examples of the halogen atom include a fluorine atom,
chlorine atom, bromine atom and 10dine atom;

examples of the C, _ alkyl group include a methyl group,
tritluoromethyl group, ethyl group, n-propyl group, 1-propyl
group, n-butyl group, 1-butyl group, s-butyl group, t-butyl
group, 1-pentyl group, 2-pentyl group, 3-pentyl group, 1-pen-
tyl group, neopentyl group, 2,2-dimethylpropyl group,
1-hexyl group, 2-hexyl group, 3-hexyl group, 1-methyl-n-
pentyl group, 1,1,2-trimethyl-n-propyl group, 1,2,2-trim-
cthyl-n-propyl group, 3,3-dimethyl-n-butyl group, methyl-
carbonyloxymethyl group, ethylcarbonyloxymethyl group,
methylcarbonyloxyethyl  group, ethylcarbonyloxyethyl
group, methylcarbonylaminomethyl group, trifluoromethyl-
carbonylaminomethyl group, ethylcarbonylaminomethyl
group, methylcarbonylaminoethyl group, ethylcarbonylami-
noethyl group, methoxycarbonylmethyl group, trifluo-
romethoxycarbonylmethyl group, ethoxycarbonylmethyl
group, methoxycarbonylethyl group and ethoxycarbonyl-
cthyl group;

examples of the C,_, alkoxy group include a methoxy
group, trifluoromethoxy group, ethoxy group, n-propoxy
group, 1-propoxy group, n-butoxy group, 1-butoxy group,
s-butoxy group, t-butoxy group, 1-pentyloxy group, 2-penty-
loxy group, 3-pentyloxy group, 1-pentyloxy group, neopen-
tyloxy group, 2,2-dimethylpropoxy group, 1-hexyloxy
group, 2-hexyloxy group, 3-hexyloxy group, 1-methyl-n-
pentyloxy group, 1,1,2-trimethyl-n-propoxy group, 1,2,2-tri-
methyl-n-propoxy group, 3,3-dimethyl-n-butoxy group,
methylcarbonyloxymethoxy group, cthylcarbony-
loxymethoxy group, methylcarbonyloxyethoxy group, ethyl-
carbonyloxyethoxy group, methylcarbonylaminomethoxy
group, trifluoromethylcarbonylaminomethoxy group, ethyl-
carbonylaminomethoxy group, methylcarbonylaminoethoxy
group, ethylcarbonylaminoethoxy group, methoxycarbonyl-
methoxy group, trifluoromethoxycarbonylmethoxy group,
cthoxycarbonylmethoxy group, methoxycarbonylethoxy
group and ethoxycarbonylethoxy group;

examples of the C,_, alkylamino group includes a methy-
lamino group, trifluoromethylamino group, ethylamino
group, n-propylamino group, 1-propylamino group, c-propy-
lamino group, n-butylamino group, 1-butylamino group, s-bu-
tylamino group, t-butylamino group, c-butylamino group,
1-pentylamino group, 2-pentylamino group, 3-pentylamino
group, 1-pentylamino group, neopentylamino group, t-penty-
lamino group, c-pentylamino group, 1-hexylamino group.,
2-hexylamino group, 3-hexylamino group, c-hexylamino
group, 1-methyl-n-pentylamino group, 1,1,2-trimethyl-n-
propylamino group, 1,2,2-trimethyl-n-propylamino group
and 3,3-dimethyl-n-butylamino group;

examples of the di-C,_; alkylamino group include a dim-
cthylamino group, di-(trifluoromethyl)amino group, diethy-
lamino group, di-n-propylamino group, di-1-propylamino
group, di-c-propylamino group, di-n-butylamino group, di-1-
butylamino group, di-s-butylamino group, di-t-butylamino
group, di-c-butylamino group, di-1-pentylamino group, di-2-
pentylamino group, di-3-pentylamino group, di-1-penty-
lamino group, di-neopentylamino group, di-t-pentylamino
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group, di-c-pentylamino group, di-1-hexylamino group, di-2-
hexylamino group, di-3-hexylamino group, di-c-hexylamino
group, di-(1-methyl-n-pentyl)amino group, di-(1,1,2-trim-
cthyl-n-propyl)amino group, di-(1,2,2-trimethyl-n-propyl)
amino group, and di-(3,3-dimethyl-n-butyl)amino group,
methyl(ethyl)amino group, methyl(n-propyl)amino group,
methyl(i-propyl)amino  group, methyl(c-propyl)amino
group, methyl(n-butyl)amino group, methyl(1-butyl)amino
group, methyl(s-butyl)amino group, methyl(t-butyl)amino
group, methyl(c-butyl)amino group, ethyl(n-propyl)amino
group, ethyl(i-propyl)amino group, ethyl(c-propyl)amino
group, ethyl(n-butyl)amino group, ethyl(1-butyl)amino
group, e¢thyl(s-butyl)amino group, ethyl(t-butyl)amino
group, ethyl(c-butyl)amino group, n-propyl(i-propyl)amino
group, n-propvl{c-propyl)amino group, n-propyl(n-butyl)
amino group, n-propyl(i-butyl)amino group, n-propyl(s-bu-
tyl)amino group, n-propyl(t-butyl)amino group, n-propyl(c-
butyl)amino group, 1-propyl{c-propyl)amino group, 1-propyl
(n-butylDamino  group, 1-propyl(i-butyl)amino group,
1-propyl(s-butyl)amino group, 1-propyl(t-butyl)amino group,
1-propyl(c-butyl)amino  group, c-propyl(n-butyl)amino
group, c-propyl(i-butyl)amino group, c-propyl(s-butyl)
amino group, c-propyl(t-butyl)amino group, c-propyl(c-bu-
tyl)amino group, n-butyl(i-butyl)amino group, n-butyl(s-bu-
tyl)Jamino group, n-butyl(t-butyl)amino group, n-butyl(c-
butyl)amino group, 1-butyl(s-butyl)amino group, 1-butyl(t-
butyl)amino group, 1-butyl{c-butyl)amino group, s-butyl(t-
butyl)amino group, s-butyl{c-butyl)amino group and t-butyl
(c-butyl)amino group;

examples of the C, _, alkylcarbonylamino group include a
methylcarbonylamino group, trifluoromethylcarbonylamino
group, ethylcarbonylamino group, n-propylcarbonylamino
group, 1-propylcarbonylamino group, n-butylcarbonylamino
group, 1-butylcarbonylamino group, s-butylcarbonylamino
group, t-butylcarbonylamino group, 1-pentylcarbonylamino
group, 2-pentylcarbonylamino group, 3-pentylcarbony-
lamino group, 1-pentylcarbonylamino group, neopentylcar-
bonylamino, t-pentylcarbonylamino group, 1-hexylcarbony-
lamino  group, 2-hexylcarbonylamino group and
3-hexylcarbonylamino group;

examples of the C,_. alkylsulfonamide group include a
methanesulfonamide group, trifluoromethanesulfonamide
group, ecthanesulfonamide group, n-propanesulionamide
group, 1-propanesulifonamide group, n-butanesulfonamide
group, 1-butanesulfonamide group, s-butanesulfonamide
group, t-butanesulfonamide group, 1-pentanesulfonamide
group, 2-pentanesulfonamide group, 3-pentanesulionamaide
group, 1-pentanesulionamide group, neopentanesulionamide
group, t-pentanesulfonamide group, 1-hexanesulfonamide
group, 2-hexanesulfonamide group and 3-hexanesuliona-
mide group;

examples of the C,._,, arylsulionamide group include a
benzenesulfonamide group, p-toluenesulfonamide group,
o-biphenylsulionamide group, m-biphenylsulionamide
group, p-biphenylsulionamide group, 1-naphthalenesuliona-
mide group, 2-naphthalenesulifonamide group, 1-anthracene-
sulfonamide group, 2-anthracenesulionamide group, 9-an-
thracenesulfonamide group, 1-phenanthrenesulfonamide
group, 2-phenanthrenesulfonamide group, 3-phenanthrene-
sulfonamide group, 4-phenanthrenesulfonamide group and
9-phenanthrenesulfonamide group;

examples of the C,_. alkylaminocarbonyl group include a
methylaminocarbonyl group, trifluoromethylaminocarbonyl
group, ethyaminocarbonyl group, n-propylaminocarbonyl
group, 1-propylaminocarbonyl group, n-butylaminocarbonyl
group, 1-butylaminocarbonyl group, s-butyaminocarbonyl
group, t-butylaminocarbonyl group, 1-pentylaminocarbonyl
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group, 2-pentylaminocarbonyl group, 3-pentylaminocarbo-
nyl group, 1-pentylaminocarbonyl group, neopentylami-
nocarbonyl group, t-pentylaminocarbonyl group, 1-hexy-
laminocarbonyl group, 2-hexylaminocarbonyl group and
3-hexylaminocarbonyl group;

examples of the di-C, _; alkylaminocarbonyl group include
a dimethylaminocarbonyl group, di-(trifluoromethyl)ami-
nocarbonyl group, diethylaminocarbonyl group, di-n-propy-
laminocarbonyl group, di-1-propylaminocarbonyl group, di-
c-propylaminocarbonyl group, di-n-butylaminocarbonyl
group, di-i1-butylaminocarbonyl group, di-s-butylaminocar-
bonyl group, di-t-butylaminocarbonyl group, di-c-butylami-
nocarbonyl group, di-1-pentylaminocarbonyl group, di-2-
pentylaminocarbonyl group, di-3-pentylaminocarbonyl
group, di-1-pentylaminocarbonyl group, di-neopentylami-
nocarbonyl group, di-t-pentylaminocarbonyl group, di-c-
pentylaminocarbonyl  group, di-1-hexylaminocarbonyl
group, di-2-hexylaminocarbonyl group, di-3-hexylaminocar-
bonyl group, di-c-hexylaminocarbonyl group, di-(1-methyl-
n-pentyl)aminocarbonyl group, di-(1,1,2-trimethyl-n-pro-
pylaminocarbonyl group, di-(1,2,2-trimethyl-n-propyl)
aminocarbonyl group., di-(3,3-dimethyl-n-butyl)
aminocarbonyl group, methyl(ethyl)aminocarbonyl group,
tritluoromethyl(ethyl)aminocarbonyl group, methyl(n-pro-
pyl)aminocarbonyl group, methyl(i-propyl)aminocarbonyl
group, methyl(c-propyl)aminocarbonyl group, methyl(n-bu-
tyl)aminocarbonyl group, methyl(i-butyl)aminocarbonyl
group, methyl(s-butyl)aminocarbonyl group, methyl(t-butyl)
aminocarbonyl group, methyl(c-butyl)aminocarbonyl group,
cthyl(n-propyl)aminocarbonyl group, ethyl(a-propyl)ami-
nocarbonyl group, ethyl(c-propyl)aminocarbonyl group,
cthyl(n-butyl)aminocarbonyl group, ethyl(i-butyl)aminocar-
bonyl group, ethyl(s-butyl)aminocarbonyl group, ethyl(t-bu-
tyl)aminocarbonyl group, ethyl(c-butyl)aminocarbonyl
group, n-propyl(i-propyl)aminocarbonyl group, n-propyl(c-
propyl)aminocarbonyl group, n-propyl(n-butyl)aminocarbo-
nyl group, n-propyl(i-butyl)aminocarbonyl group, n-propyl
(s-butyl)aminocarbonyl group, n-propyl(t-butyl)
aminocarbonyl group, n-propyl(c-butyl)aminocarbonyl
group, 1-propyl(c-propyl)aminocarbonyl group, 1-propvl(n-
butyl)aminocarbonyl group, 1-propyl(1-butyl Jaminocarbonyl
group, 1-propyl(s-butyl)aminocarbonyl group, 1-propyl(t-bu-
tyl)aminocarbonyl group, 1-propyl(c-butyl)aminocarbonyl
group, c-propyl(n-butyl)aminocarbonyl group, c-propvl(i-
butyl)aminocarbonyl group, c-propyl(s-butyl)aminocarbo-
nyl group, c-propyl(t-butyl)aminocarbonyl group, c-propyl
(c-butyl)aminocarbonyl group, n-butyl(1-butyl)
aminocarbonyl group, n-butyl(s-butyl)aminocarbonyl group,
n-butyl(t-butyl)Jaminocarbonyl group, n-butyl(c-butyl)ami-
nocarbonyl group, 1-butyl(s-butyl)aminocarbonyl group,
1-butyl(t-butyl)aminocarbonyl group, 1-butyl(c-butyl)ami-
nocarbonyl group, s-butyl(t-butyl)aminocarbonyl group,
s-butyl(c-butyl)Jaminocarbonyl group and t-butyl(c-butyl)
aminocarbonyl group;

examples of the C, _, alkylcarbonyl group include a meth-
ylcarbonyl group, trifluoromethylcarbonyl group, ethycarbo-
nyl group, n-propylcarbonyl group, 1-propylcarbonyl group,
n-butylcarbonyl group, 1-butylcarbonyl group, s-butycarbo-
nyl group, t-butylcarbonyl group, 1-pentylcarbonyl group,
2-pentylcarbonyl group, 3-pentylcarbonyl group, 1-pentyl-
carbonyl group, neopentylcarbonyl group, t-pentylcarbonyl
group, 1-hexylcarbonyl group, 2-hexylcarbonyl group and
3-hexylcarbonyl group;

examples of the C, _, alkoxycarbonyl group include a meth-
oxycarbonyl group, trifluoromethoxycarbonyl group,
cthoxycarbonyl group, n-propoxycarbonyl group, 1-propoxy-
carbonyl group, n-butoxycarbonyl group, 1-butoxycarbonyl
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group, s-butoxycarbonyl group, t-butoxycarbonyl group,
1 -pentyloxycarbonyl group, 2-pentyloxycarbonyl group,
3-pentyloxycarbonyl group, 1-pentyloxycarbonyl group, neo-
pentyloxycarbonyl group, t-pentyloxycarbonyl group,
1-hexyloxycarbonyl group, 2-hexyloxycarbonyl group and
3-hexyloxycarbonyl group;

examples of the C,_, alkylsultonyl group include a meth-
anesulfonyl group, trifluoromethanesulfonyl group, ethane-
sulfonyl group, n-propanesulionyl group and n-butanesulio-
nyl group;

examples of the C_,, arylsulfonyl group include a benze-
nesulfonyl group, p-fluorobenzenesulfonyl group, p-toluene-
sulfonyl group, o-biphenylsulfonyl group, m-biphenylsulfo-
nyl group, p-biphenylsulfonyl group, 1-naphthalenesulfonyl
group, 2-naphthalenesulfonyl group, 1-anthracenesulionyl
group, Z2-anthracenesulfonyl group, 9-anthracenesulionyl
group, 1-phenanthrenesulfonyl group, 2-phenanthrenesulio-
nyl group, 3-phenanthrenesulionyl group, 4-phenanthrene-
sulfonyl group and 9-phenanthrenesulionyl group; and

examples of the C_,., arylcarbonyl group include a phe-
nylcarbonyl group, p-fluorophenylcarbonyl group, o-biphe-
nylylcarbonyl group, m-biphenylylcarbonyl group, p-biphe-
nylylcarbonyl group., 1-naphthylcarbonyl group,
2-naphthylcarbonyl group, 1-anthrylcarbonyl group, 2-an-
thrylcarbonyl group, 9-anthrylcarbonyl group, 1-phenan-
thrylcarbonyl  group, 2-phenanthrylcarbonyl  group,
3-phenanthrylcarbonyl group, 4-phenanthrylcarbonyl group
and 9-phenanthrylcarbonyl group.

Preferable atoms and groups of the above-mentioned R
will be specifically described.

R'" is preferably fluorine atom, chlorine atom, bromine
atom, methyl group, trifluoromethyl group, ethyl group,
n-propyl group, 1-propyl group, n-butyl group, n-pentyl
group, 1-pentyl group, 3,3-dimethyl-n-butyl group, methyl-
carbonyloxymethyl group, ethylcarbonyloxymethyl group,
methylcarbonyloxyethyl  group, ethylcarbonyloxyethyl
group, methylcarbonylaminomethyl group, trifluoromethyl-
carbonylaminomethyl group, ethylcarbonylaminomethyl
group, methylcarbonylaminoethyl group, ethylcarbonylami-
noethyl group, methoxycarbonylmethyl group, tritluo-
romethoxycarbonylmethyl group, ethoxycarbonylmethyl
group, methoxycarbonylethyl group, ethoxycarbonylethyl
group, methoxy group, trifluoromethoxy group, ethoxy
group, N-propoxy group, 1-propoxy group, 3,3-dimethyl-n-
butoxy group, methylcarbonyloxymethoxy group, ethylcar-
bonyloxymethoxy group, methylcarbonyloxyethoxy group,
cthylcarbonyloxyethoxy group, methylcarbonylami-
nomethoxy group, trifluoromethylcarbonylaminomethoxy
group, ethylcarbonylaminomethoxy group, methylcarbony-
laminoethoxy group, ethylcarbonylaminoethoxy group,
methoxycarbonylmethoxy group, trifluoromethoxycarbon-
ylmethoxy group, ethoxycarbonylmethoxy group, methoxy-
carbonylethoxy group, ethoxycarbonylethoxy group, methy-
lamino group, trifluoromethylamino group, ethylamino
group, n-propylamino group, i-propylamino group, n-buty-
lamino group, dimethylamino group, di-(trifluoromethyl)
amino group, diethylamino group, di-n-propylamino group,
di-1-propylamino group, di-n-butylamino group, methylcar-
bonylamino group, trifluoromethylcarbonylamino group,
cthylcarbonylamino group, n-propylcarbonylamino group,
1-propylcarbonylamino group, n-butylcarbonylamino group,
methanesulifonamide group, trifluoromethanesulfonamide
group, ethanesulfonamide group, n-propanesulfonamide
group, 1-propanesulfonamide group, n-butanesulfonamaide
group, benzenesulfonamide group, p-toluenesulionamide
group, methylaminocarbonyl group, trifluoromethylami-
nocarbonyl group, ethyaminocarbonyl group, n-propylami-
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nocarbonyl group, i1-propylaminocarbonyl group, n-buty-
laminocarbonyl group, dimethylaminocarbonyl group, di-
(trifluoromethyl )Jaminocarbonyl group,
diethylaminocarbonyl group, di-n-propylaminocarbonyl, di-
1-propylaminocarbonyl group, di-c-propylaminocarbonyl
group, di-n-butylaminocarbonyl group, methyl(ethyl)ami-
nocarbonyl group, trifluoromethyl(ethyl)aminocarbonyl
group, methylcarbonyl group, trifluoromethylcarbonyl
group, ethycarbonyl group, n-propylcarbonyl group, 1-propy-
Icarbonyl group, n-butylcarbonyl group, methoxycarbonyl
group, trifluoromethoxycarbonyl group, ethoxycarbonyl
group, n-propoxycarbonyl group, 1-propoxycarbonyl group,
n-butoxycarbonyl group, 1-butoxycarbonyl group, s-butoxy-
carbonyl group, t-butoxycarbonyl group, methanesulionyl
group, trifluoromethanesulifonyl group, ethanesulionyl
group, benzenesulfonyl group, o-biphenylsulfonyl group,
m-biphenylsulfonyl group, p-biphenylsulfonyl group,
1 -naphthalenesulfonyl group, 2-naphthalenesulfonyl group,
phenylcarbonyl group, o-biphenylylcarbonyl group, m-bi-
phenylylcarbonyl group, p-biphenylylcarbonyl group,
1-naphthylcarbonyl group, 2-naphthylcarbonyl group,
hydroxy group, nitro group, cyano group, formyl group, for-
mamide group, carbamoyl group, sulfoamino group, sulia-
moyl group, amino group and carboxyl group.

Each substitution group of R4, R, R'*, R'>, R'®and R’
in the formula (a), formula (b), formula (c), formula (d),

formula (e), formula (1), formula (g), formula (h), formula (1),
formula (3), formula (k), formula (1), formula (m), formula
(n), formula (o), formula (p), formula (q), formula (r), for-
mula (s), formula (t), formula (u), formula (v), formula (w),
formula (x), formula (y), formula (z), formula (aa), formula
(ab), formula (ac), formula (ad), formula (ae), formula (af),
formula (ag), and formula (ah) will be described,

(b)

()

(d)
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in which partial ring structure A in the formula (11) and
formula (12) 1s represented by the formula (a), formula (b),
formula (¢), formula (d), formula (e), formula (1), formula (g),
formula (h), formula (1), formula (3), formula (k), formula (1),
formula (m), formula (n), formula (o), formula (p), formula
(q), formula (r), formula (s), formula (1), formula (u), formula
(v), formula (w), formula (x), formula (y), formula (z), for-
mula (aa), formula (ab), formula (ac), formula (ad), formula
(ae), formula (af), formula (ag), and formula (ah).

First, R'* and R""> in the formula (a), formula (b), formula
(e), formula (1), formula (g), formula (h), formula (1), formula
(1), formula (k), formula (1), formula (m), formula (n), for-
mula (p), formula (q), formula (v), formula (w), formula (x),
formula (ab), formula (ae), formula (af) and formula (ag) will

be described.
R'? and R'® in the formula (a), formula (b), formula (e),

formula (1), formula (g), formula (h), formula (1), formula (3),
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formula (k), formula (1), formula (m), formula (n), formula
(p), formula (q), formula (v), formula (w), formula (x), for-
mula (ab), formula (ae), formula (af) and formula (ag) each
independently represent a hydrogen atom, C,_, alkyl group
(the alkyl group may be optionally substituted with a halogen
atom, C, _. alkoxy group (the alkoxy group may be optionally
substituted with a halogen atom), amino group, hydroxy
group, C._,, aryl group or C,_, heteroaryl group (any of the
aryl group and heteroaryl group may be optionally substituted
with g R'® (R'® represents the same meaning of R'"; q repre-
sents an integer of 1 to 3, and each R'® may be the same or
different when q 1s 2 or 3)), C, < alkylaminocarbonyl group,
di-C,_ alkylaminocarbonyl group, C,_ . alkylcarbonyloxy
group, C, _. alkylcarbonyl group (the alkylcarbonyloxy group
and alkylcarbonyl group may be optionally substituted with a
halogen atom), C,_ alkylcarbonylamino group, C;_q
cycloalkylcarbonyl group, C, . alkoxycarbonyl group, C,
alkylsulfonyl group (the cycloalkylcarbonyl group, alkoxy-
carbonyl group and alkylsulfonyl group may be optionally
substituted with a halogen atom), carboxyl group, C,_, , aryl-
carbonyl group (the arylcarbonyl group may be optionally
substituted with a halogen atom) or may be optionally sub-
stituted with a C,_; heteroarylcarbonyl group), C,_,, aryl
group, C,_, heteroaryl group (the aryl group and heteroaryl
group may be optionally substituted with g R'® (R'® repre-
sents the same meaning of R'"; q represents an integer of 1 to
3, and each R'® may be the same or different when q is 2 or 3)),
C,_¢ alkylaminocarbonyl group, di-C, _. alkylaminocarbonyl
group, C, . alkylcarbonyl group, C,_, cycloalkylcarbonyl
group, C,_. alkoxycarbonyl group, C, _, alkylsulfonyl group,
Ce_; 4 arylsulfonyl group, C,_; heteroarylsulfonyl group (the
arylsulifonyl group and heteroarylsulifonyl group may be
optionally substituted with g R'® (R"® represents the same
meaning of R''; q represents an integer of 1 to 3, and each R'®
may be the same or different when q 1s 2 or 3)), carboxyl
group, C,_,4 arylcarbonyl group, or C,_, heteroarylcarbonyl
group (the arylcarbonyl group and heteroarylcarbonyl group
may be optionally substituted with g R*® (R"® represents the
same meaning of R'*; q represents an integer of 1 to 3, and
each R"® may be the same or different when q is 2 or 3)).

Each substitution group of R'# and R'” in the formula (a),
formula (b), formula (e), formula (1), formula (g), formula
(h), formula (1), formula (3), formula (k), formula (1), formula
(m), formula (n), formula (p), formula (q), formula (v), for-
mula (w), formula (x), formula (ab), formula (ae), formula
(al) and formula (ag) will be specifically described.

Examples of the C,_. alkyl group include a methyl group,
tritfluoromethyl group, ethyl group, n-propyl group, 1-propyl
group, n-butyl group, i1-butyl group, s-butyl group, t-butyl
group, n-pentyl group, 2-pentyl group, 3-pentyl group, 1-pen-
tyl group, neopentyl group, 2,2-dimethylpropyl group,
n-hexyl group, 2-hexyl group, 3-hexyl group, 1-methyl-n-
pentyl group, 1,1,2-trimethyl-n-propyl group, 1,2,2-trim-
cthyl-n-propyl group, 3,3-dimethyl-n-butyl group, methyl-
carbonyloxymethyl group, ethylcarbonyloxymethyl group,
methylcarbonyloxyethyl  group, ethylcarbonyloxyethyl
group, methylcarbonylaminomethyl group, trifluoromethyl-
carbonylaminomethyl group, ethylcarbonylaminomethyl
group, methylcarbonylaminoethyl group, ethylcarbonylami-
noethyl group, methoxycarbonylmethyl group, ethoxycarbo-
nylmethyl group, methoxycarbonylethyl group and ethoxy-
carbonylethyl group; and

examples of the C_,, aryl group include a phenyl group,
o-biphenylyl group, m-biphenylyl group, p-biphenylyl
group, 1-naphthyl group, 2-naphthyl group, 1-anthryl group,
2-anthryl group, 9-anthryl group, 1-phenanthryl group,
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2-phenanthryl group, 3-phenanthryl group, 4-phenanthryl
group and 9-phenanthryl group.

Examples of the C,_, heteroaryl group include C,_, mono-
cyclic heterocyclic group having up to 3- to 7-membered ring
which can contain 1 to 3 oxygen atom(s), nitrogen atom(s),
sulfur atom(s) and a combination thereof and C._, fused bicy-
clic heterocyclic group having up to 8 to 10 of constituent
atoms.

Examples of the C,_, monocyclic heterocyclic group of up
to 5 to 7 membered ring include a 2-thuenyl group, 3-thienyl
group, 2-turyl group, 3-furyl group, 2-pyranyl group, 3-pyra-
nyl group, 4-pyranyl group, 1-pyrrolyl group, 2-pyrrolyl
group, 3-pyrrolyl group, 1-imidazolyl group, 2-imidazolyl
group, 4-1imidazolyl group, 1-pyrazolyl group, 3-pyrazolyl
group, 4-pyrazolyl group, 2-thiazolyl group, 4-thiazolyl
group, S-thiazolyl group, 3-1sothiazolyl group, 4-1sothiazolyl
group, S-1sothiazolyl group, 2-oxazolyl group, 4-oxazolyl
group, S-oxazolyl group, 3-1soxazolyl group, 4-1soxazolyl
group, S-1soxazolyl group, 2-pyridyl group, 3-pyridyl group,
4-pyridyl group, 2-pyradinyl group, 2-pyrimidinyl group,
4-pyrimidinyl group, S5-pyrimidinyl group, 3-pyridazinyl
group, 4-pyridazinyl group, 2-1,3,4-oxadiazolyl group, 2-1,
3.4-thiadiazolyl group, 3-1,2,4-oxadiazolyl group, 5-1,2,4-
oxadiazolyl group, 3-1,2,4-thiadiazolyl group, 5-1,2,4-thia-
diazolyl group, 3-1,2,5,-oxadiazolyl group and 3-1,2,5-
thiadiazolyl group; and

examples of the C._, fused bicyclic heterocyclic group
having up to 8 to 10 of constituent atoms 1nclude a 2-benzo-
furanyl group, 3-benzofuranyl group, 4-benzoturanyl group,
S-benzofuranyl group, 6-benzofuranyl group, 7-benzofura-
nyl group, 1l-1sobenzofuranyl group, 4-1sobenzofuranyl
group, S-isobenzofuranyl group, 2-benzothienyl group,
3-benzothienyl group, 4-benzothienyl group, S-benzothienyl
group, 6-benzothienyl group, 7-benzothienyl group,
1 -1sobenzothienyl group, 4-1sobenzothienyl group, 5-1soben-
zothienyl group, 2-chromenyl group, 3-chromenyl group,
4-chromenyl group, S-chromenyl group, 6-chromenyl group,
7-chromenyl group, 8-chromenyl group, 1-1ndolidinyl group,
2-indolidinyl group, 3-indolidinyl group, 5-indolidinyl
group, 6-1ndolidinyl group, 7-indolidinyl group, 8-indolidi-
nyl group, 1-1soindolyl group, 2-1soindolyl group, 4-1soin-
dolyl group, S-1soindolyl group, 1-indolyl group, 2-indolyl
group, 3-indolyl group, 4-indolyl group, 5-indolyl group,
6-indolyl group, 7-1ndolyl group, 1-indazolyl group, 2-inda-
zolyl group, 3-indazolyl group, 4-indazolyl group, 5-1nda-
zolyl group, 6-1ndazolyl group, 7-indazolyl group, 1-purinyl
group, 2-purinyl group, 3-purinyl group, 6-purinyl group,
7-purinyl group, 8-purinyl group, 2-quinolyl group,
3-quinolyl group, 4-qunolyl group, 3-quinolyl group,
6-quinolyl group, 7-quinolyl group, 8-quinolyl group, 1-1s0-
quinolyl group, 3-1soquinolyl group, 4-1soquinolyl group,
S-1soquinolyl group, 6-1soquinolyl group, 7-1soquinolyl
group, 8-1soquinolyl group, 1-phthaladinyl group, S-phthal-

adinyl group, 6-phthaladinyl group, 1-2,7-naphthyridinyl
group, 3-2,7-naphthynidinyl group, 4-2,7-naphthyridinyl
group, 1-2,6-naphthynidinyl group, 3-2,6-naphthyridinyl
group, 4-2,6-naphthynidinyl group, 2-1,8-naphthyridinyl
group, 3-1,8-naphthynidinyl group, 4-1,8-naphthyridinyl
group, 2-1,7-naphthyridinyl group, 3-1,7-naphthyridinyl
group, 4-1,7-naphthyridinyl group, 5-1,7-naphthyridinyl
group, 6-1,7-naphthyridinyl group, 8-1,7-naphthyridinyl
group, 2-1,6-naphthyridinyl group, 3-1,6-naphthyridinyl
group, 4-1,6-naphthyridinyl group, 5-1,6-naphthyridinyl
group, 7-1,6-naphthyridinyl group, 8-1,6-naphthyridinyl
group, 2-1,5-naphthyridinyl group, 3-1,5-naphthyridinyl
group, 4-1,5-naphthyridinyl group, 6-1,5-naphthyridinyl
group, 7-1,5-naphthyridinyl group, 8-1,5-naphthyridinyl
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group, 2-quinoxalinyl group, 5-quinoxalinyl group, 6-qui-
noxalinyl group, 2-quinazolinyl group, 4-quinazolinyl group,
S-quinazolinyl group, 6-quinazolinyl group, 7-quinazolinyl
group, 8-quinazolinyl group, 3-cinnolinyl group, 4-cinnoli-
nyl group, S-cinnolinyl group, 6-cinnolinyl group, 7-cinnoli-
nyl group, 8-cinnolinyl group, 2-pteridinyl group, 4-pteridi-
nyl group, 6-pteridinyl group and 7-pteridinyl group.

Examples of the C,_, alkylaminocarbonyl group include a
methylaminocarbonyl group, ethylaminocarbonyl group,
n-propylaminocarbonyl  group, 1-propylaminocarbonyl
group, n-butylaminocarbonyl group, 1-butylaminocarbonyl
group, s-butylaminocarbonyl group, t-butylaminocarbonyl
group, 1-pentylaminocarbonyl group, 2-pentylaminocarbo-
nyl group, 3-pentylaminocarbonyl group, 1-pentylaminocar-
bonyl group, neopentylaminocarbonyl, t-pentylaminocarbo-
nyl group, 1 -hexylaminocarbonyl group,
2-hexylaminocarbonyl group and 3-hexylaminocarbonyl
group,

examples of the di-C, _, alkylaminocarbonyl group include
a dimethylaminocarbonyl group, diethylaminocarbonyl
group, di-n-propylaminocarbonyl, di-1-propylaminocarbonyl
group, di-c-propylaminocarbonyl group, di-n-butylami-
nocarbonyl group, di-1-butylaminocarbonyl group, di-s-buty-
laminocarbonyl group, di-t-butylaminocarbonyl group, di-c-
butylaminocarbonyl  group, di-1-pentylaminocarbonyl
group, di-2-pentylaminocarbonyl group, di-3-pentylami-
nocarbonyl group, di-1-pentylaminocarbonyl group, di-neo-
pentylaminocarbonyl  group, di-t-pentylaminocarbonyl
group, di-c-pentylaminocarbonyl group, di-1-hexylami-
nocarbonyl group, di-2-hexylaminocarbonyl group, di-3-
hexylaminocarbonyl group, di-c-hexylaminocarbonyl group,
di-(1-methyl-n-pentyl)aminocarbonyl group, di-(1,1,2-trim-
cthyl-n-propyl)aminocarbonyl group, di-(1,2,2-trimethyl-n-
propyl)aminocarbonyl group, di-(3,3-dimethyl-n-butyl)ami-
nocarbonyl group, methyl(ethyl)aminocarbonyl group,
methyl(n-propyl)aminocarbonyl group, methyl(i-propyl)
aminocarboriyl  group, methyl(c-propyl)aminocarbonyl
group, methyl(n-butyl)aminocarbonyl group, methyl(1-butyl)
aminocarbonyl group, methyl(s-butyl)aminocarbonyl group,
methyl(t-butyl)aminocarbonyl group, methyl(c-butyl)ami-
nocarbonyl group, ethyl(n-propyl)aminocarbonyl group,
cthyl(i-propyl)aminocarbonyl group, ethyl(c-propyl)ami-
nocarbonyl group, ethyl(n-butyl)aminocarbonyl group, ethyl
(1-butyl)aminocarbonyl group, ethyl(s-butyl)aminocarbonyl
group, ecthyl(t-butyl)aminocarbonyl group, ethyl(c-butyl)
aminocarbonyl group, n-propyl(i-propyl)aminocarbonyl
group, n-propyl(c-propyl)aminocarbonyl group, n-propyl(n-
butyl)aminocarbonyl group, n-propyl(i-butyl)aminocarbonyl
group, n-propyl(s-butyl)aminocarbonyl group, n-propyl(t-
butyl)aminocarbonyl group, n-propyl(c-butyl)aminocarbo-
nyl group, 1-propyl(c-propyl)aminocarbonyl group, 1-propyl
(n-butyl)aminocarbonyl group, 1-propyl(1-butyl)
aminocarbonyl  group, 1-propyl(s-butyl)aminocarbonyl
group, 1-propyl(t-butyl)aminocarbonyl group, 1-propyl(c-bu-
tyl)aminocarbonyl group, c-propyl(n-butyl)aminocarbonyl
group, c-propyl(i-butyl)aminocarbonyl group, c-propyl(s-
butyl)aminocarbonyl group, c-propyl(t-butyl)aminocarbonyl
group, c-propyl(c-butyl)aminocarbonyl group, n-butyl(i-bu-
tyl)aminocarbonyl group, n-butyl(s-butyl)aminocarbonyl
group, n-butyl(t-butyl)aminocarbonyl group, n-butyl(c-bu-
tyl)aminocarbonyl group, 1-butyl(s-butyl)aminocarbonyl
group, 1-butyl(t-butyl)aminocarbonyl group, 1-butyl(c-butyl)
aminocarbonyl group, s-butyl(t-butyl)aminocarbonyl group,
s-butyl(c-butyl)aminocarbonyl group and t-butyl(c-butyl)
aminocarbonyl group;

examples of the C,_; alkylcarbonyl group include a meth-
ylcarbonyl group, ethylcarbonyl group, n-propylcarbonyl
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group, 1-propylcarbonyl group, n-butylcarbonyl group, 1-bu-
tylcarbonyl group, s-butylcarbonyl group, t-butylcarbonyl
group, 1-pentylcarbonyl group, 2-pentylcarbonyl group,
3-pentylcarbonyl group, 1-pentylcarbonyl group, neopentyl-
carbonyl group, t-pentylcarbonyl group, 1-hexylcarbonyl
group, 2-hexylcarbonyl group and 3-hexylcarbonyl group;

examples of the C,_, cycloalkylcarbonyl group include a
c-propylcarbonyl group, c-butylcarbonyl group, 1-methyl-c-
propylcarbonyl group, 2-methyl-c-propylcarbonyl group,
c-pentylcarbonyl group, 1-methyl-c-butylcarbonyl group,
2-methyl-c-butylcarbonyl group, 3-methyl-c-butylcarbonyl
group, 1,2-dimethyl-c-propylcarbonyl group, 2,3-dimethyl-
c-propylcarbonyl group, 1-ethyl-c-propylcarbonyl group.,
2-ethyl-c-propylcarbonyl group, c-hexylcarbonyl group.,
c-heptylcarbonyl group, c-octylcarbonyl group, 1-methyl-c-
hexylcarbonyl group, 2-methyl-c-hexylcarbonyl group,
3-methyl-c-hexylcarbonyl group, 1,2-dimethyl-c-hexylcar-
bonyl group, 2,3-dimethyl-c-propylcarbonyl group, 1-ethyl-
c-propylcarbonyl group, 1-methyl-c-pentylcarbonyl group,
2-methyl-c-pentylcarbonyl group, 3-methyl-c-pentylcarbo-
nyl group, 1-ethyl-c-butylcarbonyl group, 2-ethyl-c-butylcar-
bonyl group, 3-ethyl-c-butylcarbonyl group, 1,2-dimethyl-c-
butylcarbonyl group, 1,3-dimethyl-c-butylcarbonyl group,
2,2-dimethyl-c-butylcarbonyl group, 2,3-dimethyl-c-butyl-
carbonyl group, 2.,4-dimethyl-c-butylcarbonyl group, 3,3-
dimethyl-c-butylcarbonyl group, 1-n-propyl-c-propylcarbo-
nyl group, 2-n-propyl-c-propylcarbonyl group, 1-1-propyl-c-
propylcarbonyl group, 2-1-propyl-c-propylcarbonyl group,
1,2,2-trimethyl-c-propylcarbonyl group, 1,2,3-trimethyl-c-
propylcarbonyl group, 2,2,3-trimethyl-c-propylcarbonyl
group, 1-ethyl-2-methyl-c-propylcarbonyl group, 2-ethyl-1-
methyl-c-propylcarbonyl group, 2-ethyl-2-methyl-c-propyl-
carbonyl group and 2-ethyl-3-methyl-c-propylcarbonyl
group,

examples ofthe C, _, alkoxycarbonyl group include a meth-
oxycarbonyl group, ethoxycarbonyl group, n-propoxycarbo-
nyl group, 1-propoxycarbonyl group, n-butoxycarbonyl
group, 1-butoxycarbonyl group, s-butoxycarbonyl group,
t-butoxycarbonyl group, 1-pentyloxycarbonyl group, 2-pen-
tyloxycarbonyl group, 3-pentyloxycarbonyl group, 1-penty-
loxycarbonyl group, neopentyloxycarbonyl group, t-penty-
loxycarbonyl group, 1 -hexyloxycarbonyl group,
2-hexyloxycarbonyl group and 3-hexyloxycarbonyl group;

examples of the C,_; alkylsulfonyl group include a meth-
anesulfonyl group, trifluoromethanesulfonyl group and
cthanesulfonyl group; and

examples of the C_, , arylsulfonyl group include a benze-
nesulfonyl group, o-biphenylsulfonyl group, m-biphenylsul-
tonyl group, p-biphenylsulfonyl group, 1-naphthalenesulio-
nyl group, 2-naphthalenesulionyl group,
1 -anthracenesulionyl group, 2-anthracenesulfonyl group,
9-anthracenesulfonyl group, 1-phenanthrenesulifonyl group,
2-phenanthrenesulfonyl  group, 3-phenanthrenesulionyl
group, 4-phenanthrenesulfonyl group and 9-phenanthrene-
sulfonyl group.

Examples of the C,_, heteroarylsultonyl group include a
C,_ monocyclic heterocyclic sulfonyl group of up to 5- to
7-membered ring which can contain 1 to 3 oxygen atom(s),
nitrogen atom(s), sulfur atom(s) and a combination thereof
and C._, fused bicyclic heterocyclic sulfonyl group having up
to 8 to 10 of constituent atoms.

Examples of the C,_ monocyclic heterocyclic sulfonyl
group of up to 5- to 7-membered ring include a 2-thienylsul-
fonyl group, 3-thienylsulfonyl group, 2-turylsulionyl group,
3-furylsulfonyl group, 2-pyranylsulfonyl group, 3-pyranyl-
sulfonyl group, 4-pyranylsulfonyl group, 1-pyrrolylsulionyl
group, 2-pyrrolylsulfonyl group, 3-pyrrolylsulionyl group,
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1 -itmidazolylsulionyl group, 2-tmidazolylsulionyl group,
4-1midazolylsulionyl group, 1-pyrazolylsulionyl group,
3-pyrazolylsulionyl group, 4-pyrazolylsulfonyl group,
2-thiazolylsulionyl group, 4-thiazolylsulfonyl group, 5-thia-
zolylsulfonyl group, 3-1sothiazolylsulfonyl group, 4-1sothia-
zolylsulfonyl group, 5-1sothiazolylsulfonyl group, 2-0x-
azolylsulfonyl group, 4-oxazolylsulfonyl group,
S-oxazolylsulfonyl group, 3-1soxazolylsulionyl group,
4-1soxazolylsulfonyl group, 3-1soxazolylsulionyl group,
2-pyridylsulifonyl group, 3-pyridylsulfonyl group, 4-pyridyl-
sulfonyl group, 2-pyradinylsulfonyl group, 2-pyrimidinylsul-
tonyl group, 4-pyrimidinylsulfonyl group, S-pyrimidinylsul-
fonyl group, 3-pyridazinylsulifonyl group.,
4-pyridazinylsulionyl group, 2-1,3.4-oxadiazolylsulionyl
group, 2-1,3,4-thiadiazolylsulfonyl group, 3-1,2,4-oxad1iaz-
olylsulionyl group, 5-1,2.4-oxadiazolylsulfonyl group, 3-1,
2.4-thiadiazolylsulfonyl group, 5-1,2,4-thiadiazolylsulionyl
group, 3-1,2,5,-oxadiazolylsulfonyl group and 3-1,2,5-thia-
diazolylsulfonyl group.

Examples of the C._, fused bicyclic heterocycle sulfonyl
group having up to 8 to 10 of constituent atoms 1nclude a
2-benzofuranylsulfonyl  group, 3-benzofuranylsulionyl
group, 4-benzoluranylsulfonyl group, 5-benzofuranylsulio-
nyl group, 6-benzofuranylsulfonyl group, 7-benzofuranylsul-
tonyl group, 1-1sobenzofuranylsulionyl group, 4-i1sobenzo-
furanylsulfonyl group, 5-1sobenzoturanylsulfonyl group,
2-benzothienylsulfonyl  group, 3-benzothienylsulionyl
group, 4-benzothienylsulfonyl group, 5-benzothienylsulio-
nyl group, 6-benzothienylsulfonyl group, 7-benzothienylsul-
fonyl group, 1-1sobenzothienylsulfonyl group, 4-1soben-

zothienylsulfonyl group, 5-1sobenzothienylsulfonyl group,
2-chromenylsulfonyl group, 3-chromenylsulfonyl group,
4-chromenylsulfonyl group, 5-chromenylsulfonyl group,
6-chromenylsulfonyl group, 7-chromenylsulionyl group,
8-chromenylsulfonyl group, 1-indolidinylsulfonyl group,
2-indolidinylsulfonyl group, 3-indolidinylsulfonyl group,
S-indolidinylsulfonyl group, 6-mndolidinylsulfonyl group,
7-indolidinylsulfonyl group, 8-indolidinylsulfonyl group,
1-1soindolylsulionyl group, 2-1somndolylsulfonyl group,

4-1soindolylsulfonyl group, S-1soindolylsulionyl group, 1-1n-
dolylsulfonyl group, 2-indolylsulfonyl group, 3-indolylsul-
tonyl group, 4-indolylsulfonyl group, 5-indolylsulionyl
group, 6-indolylsulfonyl group, 7-indolylsulionyl group,
1 -indazolylsultonyl group, 2-indazolylsulfonyl group, 3-1n-
dazolylsulfonyl group, 4-indazolylsulfonyl group, 5-1nda-
zolylsulfonyl group, 6-1ndazolylsulfonyl group, 7-indazolyl-
sulfonyl group, 1-puninylsulifonyl group, 2-purinylsulionyl
group, 3-purinylsulfonyl group, 6-purinylsulionyl group,

7-punnylsulf0nyl group,  S-purinylsulfonyl  group,
2-quinolylsulfonyl  group, 3-quinolylsulionyl group,
4-quinolylsulifonyl  group, 5-quinol ylsu’.:f'onyl group,
6-quinolylsulfonyl group, 7-quinolylsulfonyl group,
8-quinolylsulfonyl group, 1-1soquinolylsulfonyl group,
3-1soquinolylsulfonyl group, 4-1soquinolylsulionyl group.,
S-1soquinolylsulfonyl group, 6-1soquinolylsul: f'onyf. group.,
7-1soquinolylsulfonyl group, 8-1soquinolylsulionyl group,
1 -phthaladinylsulfonyl group, 5-phthaladinylsulfonyl group,

6-phthaladinylsulfonyl group, 1-2,7-naphthyridinylsultfonyl
group, 3-2,7-naphthyridinylsulfonyl group, 4-2,7-naphthy-
ridinylsulfonyl group, 1-2,6-naphthyridinylsulfonyl group,
3-2,6-naphthyridinylsulionyl group, 4-2,6-naphthyridinyl-
sulfonyl group, 2-1,8-naphthyridinylsulfonyl group, 3-1,8-
naphthyridinylsulfonyl group, 4-1,8-naphthyridinylsulfonyl
group, 2-1,7-naphthyridinylsulfonyl group, 3-1,7-naphthy-
ridinylsulfonyl group, 4-1,7-naphthyridinylsulfonyl group,
5-1,7-naphthyridinylsulfonyl group, 6-1,7-naphthyridinyl-
sulfonyl group, 8-1,7-naphthyridinylsulfonyl group, 2-1,6-
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naphthyridinylsulfonyl group, 3-1,6-naphthyridinylsulfonyl
group, 4-1,6-naphthyrnidinylsulfonyl group, 5-1,6-naphthy-
ridinylsulfonyl group, 7-1,6-naphthyridinylsulfonyl group,
8-1,6-naphthyridinylsulfonyl group, 2-1,5-naphthyridinyl-
sulfonyl group, 3-1,5-naphthyridinylsulfonyl group, 4-1,3-
naphthyridinylsulfonyl group, 6-1,5-naphthyridinylsulfonyl
group, 7-1,5-naphthyridinylsulfonyl group, 8-1,5-naphthy-
ridinylsulfonyl group, 2-quinoxalinylsulfonyl group, 5-qui-

noxalinylsulfonyl group, 6-quinoxalinylsulfonyl group,
2-quinazolinylsulfonyl group, 4-quinazolinylsulfonyl group,
S-quinazolinylsulfonyl group, 6-quinazolinylsulionyl group,
7-quinazolinylsulfonyl group, 8-quinazolinylsulfonyl group,
3-cinnolinylsulfonyl group, 4-cinnolinylsultonyl group.,
S-cinnolinylsulfonyl group, 6-cinnolinylsulfonyl group,
7-cinnolinylsulfonyl group, 8-cinnolinylsultonyl group,
2-ptenndinylsulfonyl group, 4-pteridinylsulfonyl group,

6-pteridinylsulfonyl group and 7-pteridinylsulfonyl group.

Examples of the C,_,, arylcarbonyl group include a phe-
nylcarbonyl group, o-biphenylylcarbonyl group, m-bipheny-
lylcarbonyl group, p-biphenylylcarbonyl group, 1-naphthyl-
carbonyl group, 2-naphthylcarbonyl group,
1 -anthrylcarbonyl group, 2-anthrylcarbonyl group, 9-an-
thrylcarbonyl  group, 1-phenanthrylcarbonyl  group,
2-phenanthrylcarbonyl group, 3-phenanthrylcarbonyl group,
4-phenanthrylcarbonyl group and 9-phenanthrylcarbonyl
group.

Examples of the C,_g heteroarylcarbonyl group include a
C,_, monocyclic heterocyclic carbonyl group of up to 3- to
7-membered ring which can contain 1 to 3 oxygen atom(s),
nitrogen atom(s), sulfur atom(s) and a combination thereof
and C._, fused bicyclic heterocyclic carbonyl group having
up to 8 to 10 of constituent atoms.

Examples of the C,_, monocyclic heterocyclic carbonyl
group of up to 5- to 7-membered ring include a 2-thienylcar-
bonyl group, 3-thienylcarbonyl group, 2-tfurylcarbonyl
group, 3-furylcarbonyl group, 2-pyranylcarbonyl group,
3-pyranylcarbonyl group, 4-pyranylcarbonyl group, 1-pyrro-
lylcarbonyl group, 2-pyrrolylcarbonyl group, 3-pyrrolylcar-
bonyl group, 1-1midazolylcarbonyl group, 2-imidazolylcar-

bonyl group, 4-1midazolylcarbonyl group,
1-pyrazolylcarbonyl group, 3-pyrazolylcarbonyl group,
4-pyrazolylcarbonyl group, 2-thiazolylcarbonyl group,
4-thiazolylcarbonyl group, 5-thiazolylcarbonyl group,

3-1sothiazolylcarbonyl group, 4-1sothiazolylcarbonyl group,
S-1sothiazolylcarbonyl group, 2-oxazolylcarbonyl group,
4-oxazolylcarbonyl group, 3-oxazolylcarbonyl group,
3-1soxazolylcarbonyl group, 4-1soxazolylcarbonyl group,
S-1soxazolylcarbonyl group, 2-pyridylcarbonyl group, 3-py-
ridylcarbonyl group, 4-pyridylcarbonyl group, 2-pyradinyl-
carbonyl group, 2-pyrimidinylcarbonyl group, 4-pyrimidi-
nylcarbonyl  group,  5-pyrnmidinylcarbonyl  group,
3-pyridazinylcarbonyl group, 4-pyridazinylcarbonyl group,
2-1,3,4-oxadiazolylcarbonyl group, 2-1,3,4-thiadiazolylcar-
bonyl group, 3-1,2,4-oxadiazolylcarbonyl group, 5-1,2.4-
oxadiazolylcarbonyl group, 3-1,2.,4-thiadiazolylcarbonyl
group, 5-1,2,4-thiadiazolylcarbonyl group, 3-1,2,35,-oxad1iaz-
olylcarbonyl group and 3-1,2,5-thiadiazolylcarbonyl group.

Examples of the C._, fused bicyclic heterocyclic carbonyl
group having up to 8 to 10 of constituent atoms 1nclude a
2-benzoturanylcarbonyl group, 3-benzofuranylcarbonyl
group, 4-benzoturanylcarbonyl group, S-benzoluranylcarbo-
nyl group, 6-benzofuranylcarbonyl group, 7-benzofuranyl-
carbonyl group, 1-1sobenzofuranylcarbonyl group, 4-1soben-
zoluranylcarbonyl group, 5-1sobenzofuranylcarbonyl group,
2-benzothienylcarbonyl group, 3-benzothienylcarbonyl
group, 4-benzothienylcarbonyl group, 5-benzothienylcarbo-
nyl group, 6-benzothienylcarbonyl group, 7-benzothienyl-
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carbonyl group, 1-1sobenzothienylcarbonyl group, 4-1soben-
zothienylcarbonyl group, 5-1sobenzothienylcarbonyl group,
2-chromenylcarbonyl
4-chromenylcarbonyl
6-chromenylcarbonyl
8-C. Homenylcarbonyl

group,
group,
group,
group,
group,
group,
group,

3-chromeny.
d-chromeny.
7-chromeny.

1 -1ndo]

8-1ndoli

1d

3-1ndolid

6-1ndolid
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lcarbonyl
lcarbonyl
lcarbonyl
1ylcarbonyl
inylcarbonyl
inylcarbonyl
linylcarbonyl

group,
2loup,
gloup,
gloup,
21oup;
g1oup,
group,

1-1soindolylcarbonyl group, 2-1soindolylcarbonyl group,
4-1soindolylcarbonyl group, 5-1soindolylcarbonyl group,
l1-indolylcarbonyl group, 2-indolylcarbonyl group, 3-in-
dolylcarbonyl group, 4-indolylcarbonyl group, 5-indolylcar-

bonyl group, 6-indolylcarbonyl group, 7-indolylcarbonyl
group, 1-indazolylcarbonyl group, 2-mndazolylcarbonyl
group, 3-indazolylcarbonyl group, 4-mndazolylcarbonyl
group, S-indazolylcarbonyl group, 6-indazolylcarbonyl

group, 7-indazolylcarbonyl group, 1-purinylcarbonyl group,
2-purinylcarbonyl group, 3-purinylcarbonyl group, 6-puri-
nylcarbonyl group, 7-purinylcarbonyl group, 8-purinylcarbo-
nyl group, 2-quinolylcarbonyl group, 3-quinolylcarbonyl
group, 4-quinolylcarbonyl group, 3-quinolylcarbonyl group,
6-quinolylcarbonyl group, 7-quinolylcarbonyl group,
8- qumolylcarbonyl group, 1 1soqu1n01ylcarb0nyl group,
3- 1soqu1110 ylcarbonyl group, 4- 1soqu1110 lylcarbonyl group,
S-1soquinolylcarbonyl group, 6- 1soqu1n0 lylcarbonyl group.,
7-1soquinolylcarbonyl group, 8-1soquinolylcarbonyl group.,
1 -phthaladinylcarbonyl  group, S-phthaladinylcarbonyl
group, 6-phthaladinylcarbonyl group, 1-2,7-naphthyridinyl-
carbonyl group, 3-2,7-naphthyridinylcarbonyl group, 4-2,7-
naphthyridinylcarbonyl group, 1-2,6-naphthyridinylcarbo-

nyl group, 3-2,6-naphthyridinylcarbonyl group, 4-2,6-
naphthyric 111ylcarb0ny,. group, 2-1,8-
naphthyridinylcarbonyl group, 3-1,8-
naphthyridinylcarbonyl group, 4-1,8-
naphthyridinylcarbonyl group, 2-1,7-
naphthyridinylcarbonyl group, 3-1,7-
naphthyridinylcarbonyl group, 4-1,7-
naphthyridinylcarbonyl group, 5-1,7-
naphthyridinylcarbonyl group, 6-1,7-
naphthyridinylcarbonyl group, 8-1,7-
naphthyridinylcarbonyl group, 2-1,6-
naphthyridinylcarbonyl group, 3-1,6-
naphthyridinylcarbonyl group, 4-1,6-
naphthyridinylcarbonyl group, 5-1,6-
naphthyridinylcarbonyl group, 7-1,6-
naphthyridinylcarbonyl group, 8-1,6-
naphthyridinylcarbonyl group, 2-1,5-
naphthyridinylcarbonyl group, 3-1,5-
naphthyridinylcarbonyl group, 4-1,5-
naphthyridinylcarbonyl group, 6-1,5-
naphthyridinylcarbonyl group, 7-1,5-
naphthyridinylcarbonyl group, 8-1,5-
naphthyridinylcarbonyl  group, 2-quinoxalinylcarbonyl

group, S-quinoxalinylcarbonyl group, 6-quinoxalinylcarbo-
nyl group, 2-quinazolinylcarbonyl group, 4-quinazolinylcar-
bonyl group, 5-quinazolinylcarbonyl group, 6-quinazolinyl-
carbonyl group, 7-quinazolinylcarbonyl group,
8-quinazolinylcarbonyl group, 3-cinnolinylcarbonyl group,
4-cinnolinylcarbonyl group, 5-cinnolinylcarbonyl group,
6-cinnolinylcarbonyl group, 7-cinnolinylcarbonyl group,
8-cinnolinylcarbonyl group, 2-pteridinylcarbonyl group,
4-pteridinylcarbonyl group, 6-pteridinylcarbonyl group and
7-pteridinylcarbonyl group.

R'# and R"? in the formula (a), formula (b), formula (e).
tormula (1), formula (g), formula (h), formula (1), formula (3),
tormula (k), formula (1), formula (m), formula (n), formula
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(p), formula (q), formula (v), formula (w), formula (x), for-
mula (ab), formula (ae), formula (af) and formula (ag) are
preferably hydrogen atom, methyl group, ethyl group, n-pro-
pyl group, 1-propyl group, n-butyl group, n-pentyl group,
1-pentyl group, methylcarbonyloxymethyl group, ethylcarbo-
nyloxymethyl group, methylcarbonyloxyethyl group, ethyl-
carbonyloxyethyl group, methylcarbonylaminomethyl
group, ethylcarbonylaminoethyl group, methylcarbonylami-
noethyl group, ethylcarbonylaminoethyl group, methoxycar-
bonylmethyl group, ethoxycarbonylmethyl group, methoxy-
carbonylethyl group, ethoxycarbonylethyl group, phenyl
group, o-biphenylyl group, m-biphenylyl group, p-bipheny-
lyl group, 1-naphthyl group, 2-naphthyl group, 2-pyridyl
group, 3-pyridyl group, 4-pyridyl group, methylaminocarbo-
nyl group, ethyaminocarbonyl group, n-propylaminocarbo-
nyl group, 1-propylaminocarbonyl group, n-butylaminocar-
bonyl group., dimethylaminocarbonyl group.,
diethylaminocarbonyl group, di-n-propylaminocarbonyl
group, di-1-propylaminocarbonyl group, di-c-propylami-
nocarbonyl group, di-n-butylaminocarbonyl group, methyl-
carbonyl group, ethycarbonyl group, n-propylcarbonyl
group, 1-propylcarbonyl group, n-butylcarbonyl group,
c-pentylcarbonyl group, c-hexylcarbonyl group, methoxy-
carbonyl group, ethoxycarbonyl group, n-propoxycarbonyl
group, 1-propoxycarbonyl group, n-butoxycarbonyl group,
1-butoxycarbonyl group, s-butoxycarbonyl group, t-butoxy-
carbonyl group, methanesulionyl group, trifluoromethane-
sulfonyl group, benzenesulionyl group, o-biphenylsultfonyl
group, m-biphenylsulfonyl group, p-biphenylsultonyl group,
1 -naphthalenesulfonyl group, 2-naphthalenesulionyl group,
2-pyridylsulifonyl group, 3-pynidylsulfonyl group, 4-pyridyl-
sulfonyl group, phenylcarbonyl group, o-biphenylylcarbonyl
group, m-biphenylylcarbonyl group, p-biphenylylcarbonyl
group, 1-naphthylcarbonyl group, 2-naphthylcarbonyl group,
2-pyridylcarbonyl group, 3-pyridylcarbonyl and 4-pyridyl-
carbonyl and more preferably hydrogen atom and methyl
group.

Then, R, R">,R'"*and R"’ in the formula (a), formula (b),
formula (¢), formula (d), formula (1), formula (g), formula
(h), formula (3), formula (k), formula (m), formula (n), for-
mula (o), formula (p), formula (q), formula (r), formula (s),
formula (t), formula (u), formula (v), formula (w), formula
(v), formula (z), formula (aa), formula (ab), formula (ac),

formula (ad), formula (ae) and formula (af) will be described.
R, R'">,R"®and R"" in the formula (a), formula (b), formula

(c), formula (d), formula (1), formula (g), formula (h), for-
mula (3), formula (k), formula (m), formula (n), formula (o),
formula (p), formula (q), formula (r), formula (s), formula (t),
formula (u), formula (v), formula (w), formula (y), formula
(z), formula (aa), formula (ab), formula (ac), formula (ad),
formula (ae) and formula (af) each independently represent a
hydrogen atom, halogen atom, C, . alkyl group (the alkyl
group may be optionally substituted with a halogen atom,
C,_¢ alkoxy group (the alkoxy group may be optionally sub-
stituted with a halogen atom), amino group, hydroxy group,
Cq. 4 aryl group, C,_, heteroaryl group (any of the aryl group
and heteroaryl group may be optionally substituted withr R*”
(R'” represents the same meaning of R''; r represents the
same meaning ol q)), C, . alkylaminocarbonyl group, di-C, _
alkylaminocarbonyl group, C,_ . alkylcarbonyloxy group,
C,_¢ alkylcarbonyl group (the alkylcarbonyloxy group and
alkylcarbonyl group may be optionally substituted with a
halogen atom), C,_, alkylcarbonylamino group, C,_,
cycloalkylcarbonyl group, C,_. alkoxycarbonyl group, C,
alkylsulfonyl group, (the cycloalkylcarbonyl group, alkoxy-
carbonyl group and alkylsulfonyl group may be optionally
substituted with a halogen atom), carboxyl group, C_, , aryl-
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carbonyl group (the arylcarbonyl group may be optionally
substituted with a halogen atom), or C,_ heteroarylcarbonyl
group), C;_. cycloalkyl group (the cycloalkyl group may be
optionally substituted with a halogen atom, C, _. alkoxy group
(the alkoxy group may be optionally substituted with a halo-
gen atom ), amino group or hydroxy group), C, _, alkoxy group
(the alkoxy group may be optionally substituted with a halo-
gen atom or C,_. alkoxy group (the alkoxy group may be
optionally substituted with a halogen atom)), carboxyl group,
amino group, hydroxy group, C,_,, aryl group or C,_, het-
eroaryl group (any of the aryl group and heteroaryl group may
be optionally substituted with r R*” (R'” represents the same
meaning of R''; r represents the same meaning of q))), C,
thioalkoxy group (the thioalkoxy group may be optionally
substituted with a halogen atom, C,_ alkoxy group (the
alkoxy group may be optionally substituted with a halogen
atom), carboxyl group, hydroxy group, C_,, aryl group or
C,_o heteroaryl group (any of the aryl group and heteroaryl
group may be optionally substituted with r R*® (R" repre-
sents the same meaning of R''; r represents the same meaning
of q))), hydroxy group, C,_,, aryl group or C,_, heteroaryl
group (any of the aryl group and heteroaryl group may be
optionally substituted with r R'” (R'” represents the same
meaning of R''; r represents the same meaning of q)), C, .
alkylcarbonyloxy group, nitro group, cyano group, formyl
group, formamide group, amino group, sulfo group, C, g
alkyl amino group, di-C,_. alkylamino group, C._ ;. ary-
lamino group, C,_, heteroarylamino group (any of the ary-
lamino group and the heteroarylamino group may be option-
ally substituted with r R'® (R'” represents the same meaning
of R''; r represents the same meaning of q)), C, . alkylcar-
bonylamino group, C, _, alkylsulfonamide group, carbamoyl
group, C, . alkylaminocarbonyl group, di-C,_ . alkylami-
nocarbonyl group, C, _. alkylcarbonyl group, C,_, ., arylcarbo-
nyl group, C,_, heteroarylcarbonyl group (any of the arylcar-
bonyl group and heteroarylcarbonyl group may be optionally
substituted with r R (R"” represents the same meaning of
R"™'; r represents the same meaning of q)), C, _. alkoxycarbo-
nyl group, sulfamoyl group, C,_, alkylsulfonyl group, C._, 4
arylsultfonyl group, C,_, heteroarylsulfonyl group (any of the
arylsulifonyl group and heteroarylsulionyl group may be
optionally substituted with r R*® (R'” represents the same
meaning of R"'; r represents the same meaning of q)), car-
boxyl group or C,_, heterocyclyl group (the heterocyclyl
group may be optionally substituted with a halogen atom,
C,_« alkyl group (the alkyl group may be optionally substi-
tuted with a halogen atom, C,_, alkoxy group (the alkoxy
group may be optionally substituted with a halogen atom),
amino group, carboxyl group or hydroxy group), C, _, alkoxy
group (the alkoxy group may be optionally substituted with a
halogen atom), C_, , aryl group, C,_; heteroaryl group (any of
the aryl group and heteroaryl group may be optionally sub-
stituted withr R*” (R'” represents the same meaning of R'"; r
represents the same meaning of q)), hydroxy group, nitro
group, cyano group, formyl group, formamide group, amino
group, C, _. alkylamino group, di-C, _, alkylamino group, C, _,
alkylcarbonylamino group, C,_. alkylsulfonamide group,
carbamoyl group, C,_. alkylaminocarbonyl group, di-C,
alkylaminocarbonyl group, C,_, alkylcarbonyl group, C,
alkoxycarbonyl group, sulfamoyl group, C,_, alkylsulfonyl
group, carboxyl group or C_, , arylcarbonyl group).

Each atom and each substitution group of R'*, R, R"®and
R'” in the formula (a), formula (b), formula (¢), formula (d),
formula (1), formula (g), formula (h), formula (3), formula (k),
formula (m), formula (n), formula (o), formula (p), formula
(q), formula (r), formula (s), formula (t), formula (u), formula
(v), formula (w), formula (y), formula (z), formula (aa), for-
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mula (ab), formula (ac), formula (ad), formula (a¢) and for-
mula (af) will be specifically described. Examples of the
halogen atom 1nclude a fluorine atom, chlorine atom, bromine
atom and 1odine atom; examples of the C, . alkyl group
include a methyl group, ethyl group, n-propyl group, 1-propyl
group, n-butyl group, 1-butyl group, s-butyl group, t-butyl
group, n-pentyl group, 2-pentyl group, 3-pentyl group, 1-pen-
tyl group, neopentyl group, 2,2-dimethylpropyl group,
n-hexyl group, 2-hexyl group, 3-hexyl group, 1-methyl-n-
pentyl group, 1,1,2-trimethyl-n-propyl group, 1,2.2-trim-
cthyl-n-propyl group, 3,3-dimethyl-n-butyl group, methyl-
carbonyloxymethyl group, ethylcarbonyloxymethyl group,
methylcarbonyloxyethyl  group, ethylcarbonyloxyethyl
group, methylcarbonylaminomethyl group, ethylcarbony-
laminomethyl group, methylcarbonylaminoethyl group, eth-
ylcarbonylaminoethyl  group, methoxycarbonylmethyl
group, ethoxycarbonylmethyl group, methoxycarbonylethyl
group and ethoxycarbonylethyl group; examples of the C,_4
cycloalkyl group include a c-propyl, c-butyl, 1-methyl-c-pro-
pyl, 2-methyl-c-propyl, c-pentyl, 1-methyl-c-butyl, 2-me-
thyl-c-butyl, 3-methyl-c-butyl, 1,2-dimethyl-c-propyl, 2.3-
dimethyl-c-propyl, 1-ethyl-c-propyl, 2-ethyl-c-propyl,
c-hexyl, c-heptyl, c-octyl, 1-methyl-c-hexyl, 2-methyl-c-
hexyl, 3-methyl-c-hexyl, 1,2-dimethyl-c-hexyl, 2,3-dim-
cthyl-c-propyl, 1-ethyl-c-propyl, 1-methyl-c-pentyl, 2-me-
thyl-c-pentyl, 3-methyl-c-pentyl, 1-ethyl-c-butyl, 2-ethyl-c-
butyl, 3-ethyl-c-butyl, 1,2-dimethyl-c-butyl, 1,3-dimethyl-c-
butyl, 2.,2-dimethyl-c-butyl, 2,3-dimethyl-c-butyl, 2.4-
dimethyl-c-butyl, 3,3-dimethyl-c-butyl, 1-n-propyl-c-propyl,
2-n-propyl-c-propyl, 1-1-propyl-c-propyl, 2-1-propyl-c-pro-
pyl, 1,2,2-trimethyl-c-propyl, 1,2,3-trimethyl-c-propyl, 2,2,
3-trimethyl-c-propyl, 1-ethyl-2-methyl-c-propyl, 2-ethyl-1-
methyl-c-propyl, 2-ethyl-2-methyl-c-propyl and 2-ethyl-3-
methyl-c-propyl;

examples of the C,_. alkoxy group include a methoxy
group, ethoxy group, n-propoxy group, 1-propoxy group,
n-butoxy group, 1-butoxy group, s-butoxy group, t-butoxy
group, 1-pentyloxy group, 2-pentyloxy group, 3-pentyloxy,
1-pentyloxy, neopentyloxy, 2,2-dimethylpropoxy, 1-hexy-
loxy, 2-hexyloxy group, 3-hexyloxy group, 1-methyl-n-pen-
tyloxy group, 1,1,2-trimethyl-n-propoxy group, 1,2,2-trim-
cthyl-n-propoxy group and 3,3-dimethyl-n-butoxy group;

examples of the C,_ thioalkoxy group include a meth-
ylthio, ethylthio, n-propylthio, 1-propylthio, c-propylthio,
n-butylthio, 1-butylthio, s-butylthio, t-butylthio, n-pentylthio,
1-pentylthio, neopentylthio, t-pentylthio, n-hexylthio and
c-hexylthio; and

examples of the C_,, aryl group include a phenyl group,
o-biphenylyl group, m-biphenylyl group, p-biphenylyl
group, 1-naphthyl group, 2-naphthyl group, 1-anthryl group,
2-anthryl group, 9-anthryl group, 1-phenanthryl group,
2-phenanthryl group, 3-phenanthryl group, 4-phenanthryl
group and 9-phenanthryl group.

Examples of the C,_g heteroaryl include a C,_, monocyclic
heterocyclic group of up to 35- to 7-membered ring which
can contain 1 to 3 oxygen atom(s), nitrogen atom(s), sulfur
atom(s) and a combination thereof and C._, fused bicyclic
heterocyclic group having up to 8 to 10 of constituent atoms.

Examples of the C,_, monocyclic heterocyclic group of up
to 5 to 7 membered ring include a 2-thuenyl group, 3-thienyl
group, 2-turyl group, 3-furyl group, 2-pyranyl group, 3-pyra-
nyl group, 4-pyranyl group, 1-pyrrolyl group, 2-pyrrolyl
group, 3-pyrrolyl group, 1-imidazolyl group, 2-imidazolyl
group, 4-1midazolyl group, 1-pyrazolyl group, 3-pyrazolyl
group, 4-pyrazolyl group, 2-thiazolyl group, 4-thiazolyl
group, S-thiazolyl group, 3-1sothiazolyl group, 4-1sothiazolyl
group, S-1sothiazolyl group, 2-oxazolyl group, 4-oxazolyl
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group, S-oxazolyl group, 3-1soxazolyl group, 4-1soxazolyl
group, S-1soxazolyl group, 2-pyridyl group, 3-pynidyl group,
4-pyridyl group, 2-pyradinyl group, 2-pyrimidinyl group,
4-pyrimidinyl group, S5-pyrimidinyl group, 3-pyridazinyl
group, 4-pyridazinyl group, 2-1,3,4-oxadiazolyl group, 2-1,
3.,4-thiadiazolyl group, 3-1,2,4-oxadiazolyl group, 5-1,2,4-
oxadiazolyl group, 3-1,2,4-thiadiazolyl group, 5-1,2,4-thia-
diazolyl group, 3-1,2,5,-oxadiazolyl group and 3-1,2,5-
thiadiazolyl group.

Examples of the C._, fused bicyclic heterocyclic group
having up to 8 to 10 of constituent atoms include a 2-benzo-
turanyl group, 3-benzoturanyl group, 4-benzofuranyl group,
S-benzoturanyl group, 6-benzofuranyl group, 7-benzotura-
nyl group, 1-isobenzotfuranyl group, 4-isobenzofuranyl
group, S-1sobenzofuranyl group, 2-benzothienyl group,
3-benzothienyl group, 4-benzothienyl group, 5-benzothienyl
group, 6-benzothienyl group, 7-benzothienyl group,
1 -1sobenzothienyl group, 4-1sobenzothienyl group, 5-1soben-
zothienyl group, 2-chromenyl group, 3-chromenyl group,
4-chromenyl group, S-chromenyl group, 6-chromenyl group,
7-chromenyl group, 8-chromenyl group, 1-1ndolidinyl group,
2-indolidinyl group, 3-indolidinyl group, 5-indolidinyl
group, 6-indolidinyl group, 7-indolidinyl group, 8-1indolidi-
nyl group, 1-1soindolyl group, 2-1somndolyl group, 4-1soin-
dolyl group, 5-1soindolyl group, 1-indolyl group, 2-indolyl
group, 3-indolyl group, 4-indolyl group, 5-indolyl group.,
6-indolyl group, 7-indolyl group, 1-indazolyl group, 2-inda-
zolyl group, 3-indazolyl group, 4-indazolyl group, 5-inda-
zolyl group, 6-indazolyl group, 7-indazolyl group, 1-purinyl
group, 2-purinyl group, 3-purinyl group, 6-purinyl group,
7-purinyl group, 8-purinyl group, 2-quinolyl group,
3-quinolyl group, 4-qunolyl group, 5-quinolyl group,
6-quinolyl group, 7-quinolyl group, 8-quinolyl group, 1-1s0-
quinolyl group, 3-1soquinolyl group, 4-1soquinolyl group,
S-1soquinolyl group, 6-1soquinolyl group, 7-1soquinolyl

group, 8-1soquinolyl group, 1-phthaladinyl group, S-phthal-
adinyl group, 6-phthaladinyl group, 1-2,7-naphthyridinyl
group, 3-2,7-naphthyridinyl group, 4-2,7-naphthyridinyl
group, 1-2,6-naphthyridinyl group, 3-2,6-naphthyridinyl
group, 4-2,6-naphthynidinyl group, 2-1,8-naphthyridinyl
group, 3-1,8-naphthynidinyl group, 4-1,8-naphthyridinyl
group, 2-1,7-naphthyridinyl group, 3-1,7-naphthyri(f,inyl
group, 4-1,7-naphthynidinyl group, 5-1,7-naphthyridinyl
group, 6-1,7-naphthynidinyl group, 8-1,7-naphthyridinyl
group, 2-1,6-naphthyridinyl group, 3-1,6-naphthyridinyl
group, 4-1,6-naphthyridinyl group, 5-1,6-naphthyridinyl
group, 7-1,6-naphthyridinyl group, 8-1,6-naphthyridinyl
group, 2-1,5-naphthyridinyl group, 3-1,5-naphthyridinyl
group, 4-1,5-naphthyridinyl group, 6-1,5-naphthyridinyl
group, 7-1,5-naphthyridinyl group, 8-1 5-naphthyncmyl

group, 2-quinoxalinyl group, 5-quinoxalinyl group, 6-qui-
noxalinyl group, 2-quinazolinyl group, 4-quinazolinyl group,
S-quinazolinyl group, 6-quinazolinyl group, 7-quinazolinyl
group, 8-quinazolinyl group, 3-cinnolinyl group, 4-cinnoli-
nyl group, 5-cinnolinyl group, 6-cinnolinyl group, 7-cinnoli-
nyl group, 8-cinnolinyl group, 2-pteridinyl group, 4-pteridi-
nyl group, 6-pteridinyl group and 7-pteridinyl group.
Examples of the C,_. alkylcarbonyloxy group include a
methylcarbonyloxy group, ethylcarbonyloxy group, n-propy-
Icarbonyloxy group, 1-propylcarbonyloxy group, n-butylcar-
bonyloxy group, 1-butylcarbonyloxy group, s-butylcarbony-
loxy group, t-butylcarbonyloxy group, 1-pentylcarbonyloxy
group, 2-pentylcarbonyloxy group, 3-pentylcarbonyloxy

group, 1-pentylcarbonyloxy group, neopentylcarbonyloxy
group, t-pentylcarbonyloxy group, 1-hexylcarbonyloxy
group, 2-hexylcarbonyloxy group, 3-hexylcarbonyloxy

group, 1-methyl-n-pentylcarbonyloxy group, 1,1,2-trim-
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cthyl-n-propylcarbonyloxy group, 1,2,2-trimethyl-n-propyl-
carbonyloxy group and 3,3-dimethyl-n-butylcarbonyloxy
group,

examples of the C, _. alkylamino group include a methy-
lamino group, ethylamino group, n-propylamino group,
1-propylamino group, c-propylamino group, n-butylamino
group, 1-butylamino group, s-butylamino group, t-buty-
lamino group, c-butylamino group, 1-pentylamino group,
2-pentylamino group, 3-pentylamino group, 1-pentylamino
group, neopentylamino group, t-pentylamino group, c-pen-
tylamino group, 1-hexylamino group, 2-hexylamino group,
3-hexylamino group, c-hexylamino group, 1-methyl-n-pen-
tylamino group, 1,1,2-trimethyl-n-propylamino group, 1,2.,2-
trimethyl-n-propvlamino group and 3,3-dimethyl-n-buty-
lamino group;

examples of the di-C, _, alkylamino group includes a dim-
cthylamino group, diethylamino group, di-n-propylamino
group, di-1-propylamino group, di-c-propylamino group, di-
n-butylamino group, di-1-butylamino group, di-s-butylamino
group, di-t-butylamino group, di-c-butylamino group, di-1-
pentylamino group, di-2-pentylamino group, di-3-penty-
lamino group, di-1-pentylamino group, di-neopentylamino
group, di-t-pentylamino group, di-c-pentylamino group,
di-1-hexylamino group, di-2-hexylamino group, di-3-hexy-
lamino group, di-c-hexylamino group, di-(1-methyl-n-pen-
tyl)amino group, di-(1,1,2-trimethyl-n-propyl)amino group,
di-(1,2,2-trimethyl-n-propyl)amino group, di-(3,3-dimethyl-
n-butyl)amino group, methyl(ethyl)amino group, methyl(n-
propyl)amino group, methyl(i-propyl)amino group, methyl
(c-propyl)amino group, methyl(n-butyl)amino group, methyl
(1-butyl)amino group, methyl(s-butyl)amino group, methyl(t-
butyl)amino group, methyl(c-butyl)amino group, ethyl(n-
propyl)amino group, ethyl(i-propyl)amino group, ethyl(c-
propyl)amino group, ethyl(n-butyl)amino group, ethyl(i-
butyl)amino group, ethyl(s-butyl)amino group, ethyl(t-butyl)
amino group, ethyl(c-butyl)amino group, n-propyl(i-propyl)
amino group, n-propyl(c-propyl)amino group, n-propyl(n-
butyl)amino group, n-propyl(i-butyl)amino group, n-propyl
(s-butyl)amino group, n-propyl(t-butyl)amino group,
n-propyl(c-butyl)amino group, 1-propyl(c-propyl)amino
group, 1-propyl(n-butyl Jamino group, 1-propyl(i-butyl)amino
group, 1-propyl(s-butyl)amino group, 1-propyl(t-butyl)amino
group, 1-propyl(c-butyl)amino group, c-propyl(n-butyl)
amino group, c-propyl(i-butyl)amino group, c-propyl(s-bu-
tyl)amino group, c-propyl(t-butyl)amino group, c-propyl(c-
butyl)amino group, n-butyl(i-butyl)amino group, n-butyl(s-
butyl)amino group, n-butyl(t-butyl)amino group, n-butyl(c-
butyl)amino group, 1-butyl(s-butyl)amino group, i-butyl(t-
butyl)amino group, 1-butyl(c-butyl)amino group, s-butyl(t-
butyl)amino group, s-butyl(c-butyl)amino group and t-butyl
(c-butyl)amino group;

examples of the C_,, arylamino group include a pheny-
lamino group, o-biphenylylamino group, m-biphenyly-
lamino group, p-biphenylyvlamino group, 1-naphthylamino
group, 2-naphthylamino group, 1-anthrylamino group, 2-an-
thrylamino group, 9-anthrylamino group, 1-phenanthry-
lamino group, 2-phenanthrylamino group, 3-phenanthry-
lamino  group,  4-phenanthrylamimnmo  group  and
9-phenanthrylamino group; and

examples of the C,_ heteroaryl amino group includeaC,_
monocyclic heterocyclic amino group of up to 5- to 7-mem-
bered ring which can contain 1 to 3 oxygen atom(s) group,
nitrogen atom(s), sulfur atom(s) and a combination thereof
and C._; fused bicyclic heterocyclic amino group having up to
8 to 10 of constituent atoms.

Examples of the C,_ . monocyclic heterocyclic amino
group ol up to 5 to 7 membered ring include a 2-thienylamino




US 8,394,974 B2

71

group, 3-thienylamino group, 2-furvlamino group, 3-fury-
lamino group, 2-pyranylamino group, 3-pyranylamino group,
4-pyranylamino group, 1-pyrrolylamino group, 2-pyrroly-
lamino group, 3-pyrrolylamino group, 1-imidazolylamino
group, 2-imidazolylamino group, 4-1imidazolylamino group,
1-pyrazolylamino group, 3-pyrazolylamino group, 4-pyra-
zolylamino group, 2-thiazolylamino group, 4-thiazolylamino
group, S-thiazolylamino group, 3-1sothiazolylamino group,
4-1sothiazolylamino group, 5-1sothiazolylamino group, 2-0x-
azolylamino group, 4-oxazolylamino group, 5-oxazoly-
lamino group, 3-1soxazolylamino group, 4-1soxazolylamino
group, S-1soxazolylamino group, 2-pyridylamino group,
3-pyridylamino group, 4-pyridylamino group, 2-pyradiny-
lamino group, 2-pyrimidinylamino group, 4-pyrimidiny-
lamino group, S-pyrimidinylamino group, 3-pyridaziny-
lamino  group, 4-pyndazinylamino group, 2-1,3.,4-
oxadiazolylamino group, 2-1,3.,4-thiadiazolylamino group,
3-1,2,4-oxadiazolylamino group, 3-1,2,4-oxadiazolylamino
group, 3-1,2,4-thiadiazolylamino group, 5-1,2,4-thiadiazoly-
lamino group, 3-1,2,3,-oxadiazolylamino group and 3-1,2,5-
thiadiazolylamino group.

Examples of the C._, fused bicyclic heterocyclic amino
group having up to 8 to 10 of constituent atoms 1nclude a
2-benzofuranylamino group, 3-benzofuranylamino group,
4-benzofuranylamino group, 5-benzofuranylamino group,
6-benzofuranylamino group, 7-benzofuranylamino group,
l-1sobenzofuranylamino group, 4-1sobenzoturanylamino
group, S-1sobenzoturanylamino group, 2-benzothienylamino
group, 3-benzothienylamino group, 4-benzothienylamino
group, S-benzothienylamino group, 6-benzothienylamino
group, /-benzothienylamino group, 1-1sobenzothienylamino
group, 4-isobenzothienylamino group, 3-isobenzothieny-
lamino group, 2-chromenylamino group, 3-chromenylamino
group, 4-chromenylamino group, 5-chromenylamino group,
6-chromenylamino group, 7-chromenylamino group,
8-chromenylamino group, 1-indolidinylamino group, 2-in-
dolidinylamino group, 3-indolidinylamino group, 5-indolidi-
nylamino group, 6-indolidinylamino group, 7-indolidiny-
lamino group, 8-indolidinylamino group, 1-1soindolylamino
group, 2-1soindolylamino group, 4-1soindolylamino group,
S-1soindolylamino group, 1-indolylamino group, 2-indoly-
lamino group, 3-indolylamino group, 4-indolylamino group,
S-indolylamino group, 6-indolylamino group, 7-indoly-
lamino group, 1-indazolylamino group, 2-indazolylamino
group, 3-indazolylamino group, 4-indazolylamino group,
S-indazolylamino group, 6-indazolylamino group, 7-inda-
zolylamino group, 1-purinylamino group, 2-purinylamino
group, 3-purinylamino group, 6-purinylamino group, 7-puri-
nylamino group, 8-purinylamino group, 2-quinolylamino
group, 3-quinolylamino group, 4-qunolylamino group,
S-quinolylamino group, 6-quinolylamino group, 7-quinoly-
lamino group, 8-quinolylamino group, 1-1soquinolylamino
group, 3-1soquinolylamino group, 4-1soquinolylamino
group, S-1soquinolylamino group, 6-1soquinolylamino
group, 7/-1soquinolylamino group, 8-1soquinolylamino
group, 1-phthaladinylamino group, 5-phthaladinylamino
group, O-phthaladinylamino group, 1-2,7-naphthyridiny-
lamino group, 3-2,7-naphthyridinylamino group, 4-2,7-
naphthyridinylamino group, 1-2,6-naphthyridinylamino
group, 3-2,6-naphthyridinylamino group, 4-2,6-naphthyridi-
nylamino group, 2-1,8-naphthyridinylamino group, 3-1,8-
naphthyridinylamino group, 4-1,8-naphthyrnidinylamino
group, 2-1,7-naphthyridinylamino group, 3-1,7-naphthyridi-
nylamino group, 4-1,7-naphthyridinylamino group, 3-1,7-
naphthyridinylamino group, 6-1,7-naphthyridinylamino
group, 8-1,7-naphthyridinylamino group, 2-1,6-naphthyridi-
nylamino group, 3-1,6-naphthyridinylamino group, 4-1,6-
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naphthyridinylamino group, 5-1,6-naphthyridinylamino
group, 7-1,6-naphthyridinylamino group, 8-1,6-naphthyridi-
nylamino group, 2-1,5-naphthyridinylamino group, 3-1,5-
naphthyridinylamino group, 4-1,5-naphthyridinylamino
group, 6-1,5-naphthyridinylamino group, 7-1,5-naphthyridi-
nylamino group, 8-1,5-naphthyridinylamino group, 2-qui-
noxalinylamino group, 3-quinoxalinylamino group, 6-qui-
noxalinylamino  group, 2-quinazolinylamino  group,
4-quinazolinylamino group, 5-quinazolinylamino group,
6-quinazolinylamino group, 7-quinazolinylamino group,
8-quinazolinylamino group, 3-cinnolinylamino group, 4-cin-
nolinylamino group, 5-cinnolinylamino group, 6-cinnoliny-
lamino group, 7-cinnolinylamino group, 8-cinnolinylamino
group, 2-pteridinylamino group, 4-pteridinylamino group.,
6-pteridinylamino group and 7-pteridinylamino group.

Examples of the C, _, alkylcarbonylamino group include a
methylcarbonylamino group, ethylcarbonylamino group,
n-propylcarbonylamino  group, 1-propylcarbonylamino
group, n-butylcarbonylamino group, 1-butylcarbonylamino
group, s-butylcarbonylamino group, t-butylcarbonylamino
group, l-pentylcarbonylamino group, 2-pentylcarbony-
lamino group, 3-pentylcarbonylamino group, 1-pentylcarbo-
nylamino group, neopentylcarbonylamino group, t-pentyl-
carbonylamino group, 1-hexylcarbonylamino group,
2-hexylcarbonylamino group and 3-hexylcarbonylamino
group;

examples of the C,_, alkylsulfonamide group include a
methanesulfonamide group, ethanesulfonamide group,
n-propanesulionamide group, 1-propanesulfonamide group,
n-butanesulfonamide group, i-butanesulfonamide group,
s-butanesulfonamide group, t-butanesulfonamide group,
1 -pentanesulfonamide group, 2-pentanesulfonamide group,
3-pentanesulfonamide group, 1-pentanesulfonamide group,
neopentanesulfonamide group, t-pentanesulfonamide group,
1-hexanesulfonamide group, 2-hexanesulfonamide group
and 3-hexanesulfonamide group;

examples of the C,_, alkylaminocarbonyl group include a
methylaminocarbonyl group, ethyaminocarbonyl group,
n-propylaminocarbonyl  group, i-propylaminocarbonyl
group, n-butylaminocarbonyl group, i1-butylaminocarbonyl
group, s-butyaminocarbonyl group, t-butylaminocarbonyl
group, l-pentylaminocarbonyl group, 2-pentylaminocarbo-
nyl group, 3-pentylaminocarbonyl group, 1-pentylaminocar-
bonyl group, neopentylaminocarbonyl group, t-pentylami-
nocarbonyl group, 1-hexylaminocarbonyl  group,
2-hexylaminocarbonyl group and 3-hexylaminocarbonyl
group,

examples of the di-C, _; alkylaminocarbonyl group include
a dimethylaminocarbonyl group, diethylaminocarbonyl
group, di-n-propylaminocarbonyl group, di-1-propylami-
nocarbonyl group, di-c-propylaminocarbonyl group, di-n-bu-
tylaminocarbonyl group, di-1-butylaminocarbonyl group, di-
s-butylaminocarbonyl  group,  di-t-butylaminocarbonyl
group, di-c-butylaminocarbonyl group, di-1-pentylaminocar-
bonyl group, di-2-pentylaminocarbonyl group, di-3-penty-
laminocarbonyl group, di-1-pentylaminocarbonyl group, di-
neopentylaminocarbonyl group, di-t-pentylaminocarbonyl
group, di-c-pentylaminocarbonyl group, di-1-hexylami-
nocarbonyl group, di-2-hexylaminocarbonyl group, di-3-
hexylaminocarbonyl group, di-c-hexylaminocarbonyl group,
di-(1-methyl-n-pentyl)aminocarbonyl group, di-(1,1,2-trim-
cthyl-n-propyl)aminocarbonyl group, di-(1,2,2-trimethyl-n-
propyl)aminocarbonyl group, di-(3,3-dimethyl-n-butyl)ami-
nocarbonyl group, methyl(ethyl)aminocarbonyl group,
methyl(n-propyl)aminocarbonyl group, methyl(i-propyl)
aminocarbonyl group, methyl(c-propyl)aminocarbonyl
group, methyl(n-butyl)aminocarbonyl group, methyl(1-butyl)
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aminocarbonyl group, methyl(s-butyl)aminocarbonyl group,
methyl(t-butyl)aminocarbonyl group, methyl(c-butyl)ami-
nocarbonyl group, ethyl(n-propyl)aminocarbonyl group,
cthyl(i-propyl)aminocarbonyl group, ethyl(c-propyl)ami-
nocarbonyl group, ethyl(n-butyl)aminocarbonyl group, ethyl
(1-butyl)aminocarbonyl group, ethyl(s-butyl)aminocarbonyl
group, ecthyl(t-butyl)aminocarbonyl group, ethyl(c-butyl)
aminocarbonyl group, n-propyl(i-propyl)aminocarbonyl
group, n-propyl(c-propyl)aminocarbonyl group, n-propyl(n-
butyl)aminocarbonyl group, n-propyl(i-butyl)aminocarbonyl
group, n-propyl(s-butyl)aminocarbonyl group, n-propyl(t-
butyl)aminocarbonyl group, n-propyl(c-butyl)aminocarbo-
nyl group, 1-propyl(c-propyl)aminocarbonyl group, 1-propyl
(n-butyl)aminocarbonyl group, 1-propyl(1-butyl)
aminocarbonyl  group, 1-propyl(s-butyl)aminocarbonyl
group, 1-propyl(t-butyl)aminocarbonyl group, 1-propyl(c-bu-
tyl)yaminocarbonyl group, c-propyl(n-butyl)aminocarbonyl
group, c-propyl(i-butyl)aminocarbonyl group, c-propyl(s-
butyl)aminocarbonyl group, c-propyl(t-butyl)aminocarbonyl
group, c-propyl(c-butyl)aminocarbonyl group, n-butyl(i-bu-
tyl)aminocarbonyl group, n-butyl(s-butyl)aminocarbonyl
group, n-butyl(t-butyl)aminocarbonyl group, n-butyl(c-bu-
tyl)aminocarbonyl group, 1-butyl(s-butyl)aminocarbonyl
group, 1-butyl(t-butyl)aminocarbonyl group, 1-butyl(c-butyl)
aminocarbonyl group, s-butyl(t-butyl)aminocarbonyl group,
s-butyl(c-butyl)aminocarbonyl group and t-butyl(c-butyl)
aminocarbonyl group;

examples of the C, _, alkylcarbonyl group include a meth-
ylcarbonyl group, ethycarbonyl group, n-propylcarbonyl
group, 1-propylcarbonyl group, n-butylcarbonyl group, 1-bu-
tylcarbonyl group, s-butycarbonyl group, t-butylaminocarbo-
nyl group, 1-pentylcarbonyl group, 2-pentylcarbonyl group,
3-pentylcarbonyl group, 1-pentylcarbonyl group, neopentyl-
carbonyl group, t-pentylcarbonyl group, 1-hexylcarbonyl
group, 2-hexylcarbonyl group and 3-hexylcarbonyl group:;
and

examples of the C_,, arylcarbonyl group include a phe-
nylcarbonyl group, o-biphenylylcarbonyl group, m-bipheny-
lylcarbonyl group, p-biphenylylcarbonyl group, 1-naphthyl-
carbonyl group., 2-naphthylcarbonyl group.,
1 -anthrylcarbonyl group, 2-anthrylcarbonyl group, 9-an-
thrylcarbonyl  group, 1-phenanthrylcarbonyl  group,
2-phenanthrylcarbonyl group, 3-phenanthrylcarbonyl group,
4-phenanthrylcarbonyl group and 9-phenanthrylcarbonyl
group.

Examples of the C,_; heteroaryl carbonyl group include a
C,_. monocyclic heterocyclic carbonyl group of up to 3- to
7-membered ring which can contain 1 to 3 oxygen atom(s),
nitrogen atom(s), sulfur atom(s) and a combination thereof
and C._, fused bicyclic heterocyclic carbonyl group having
up to 8 to 10 of constituent atoms.

Examples of the C, . monocyclic heterocyclic carbonyl
group ol up to 5 to 7 membered ring include a 2-thienylcar-
bonyl group, 3-thienylcarbonyl group, 2-furylcarbonyl
group, 3-furylcarbonyl group, 2-pyranylcarbonyl group.,
3-pyranylcarbonyl group, 4-pyranylcarbonyl group, 1-pyrro-
lylcarbonyl group, 2-pyrrolylcarbonyl group, 3-pyrrolylcar-
bonyl group, 1-imidazolylcarbonyl group, 2-imidazolylcar-

bonyl group., 4-1midazolylcarbonyl group,
1-pyrazolylcarbonyl group, 3-pyrazolylcarbonyl group,
4-pyrazolylcarbonyl group, 2-thiazolylcarbonyl group,
4-thiazolylcarbonyl group, 5-thiazolylcarbonyl group,

3-1sothiazolylcarbonyl group, 4-1sothiazolylcarbonyl group,
S-1sothiazolylcarbonyl group, 2-oxazolylcarbonyl group,
4-oxazolylcarbonyl group, 3-oxazolylcarbonyl group,
3-1soxazolylcarbonyl group, 4-1soxazolylcarbonyl group,
S-1soxazolylcarbonyl group, 2-pyridylcarbonyl group, 3-py-
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ridylcarbonyl group, 4-pyridylcarbonyl group, 2-pyradinyl-
carbonyl group, 2-pyrimidinylcarbonyl group, 4-pyrimidi-
nylcarbonyl  group,  S5-pyrnmidinylcarbonyl  group,
3-pyridazinylcarbonyl group, 4-pyridazinylcarbonyl group,
2-1,3,4-oxadiazolylcarbonyl group, 2-1,3,4-thiadiazolylcar-
bonyl group, 3-1,2,4-oxadiazolylcarbonyl group, 5-1,2.4-
oxadiazolylcarbonyl group, 3-1,2.4-thiadiazolylcarbonyl
group, S-1,2,4-thiadiazolylcarbonyl group, 3-1,2,5,-oxad1az-
olylcarbonyl group and 3-1,2,5-thiadiazolylcarbonyl group.

Examples of the C._, fused bicyclic heterocyclic carbonyl
group having up to 8 to 10 of constituent atoms 1nclude a
2-benzoturanylcarbonyl group, 3-benzofuranylcarbonyl
group, 4-benzofuranylcarbonyl group, 5-benzofuranylcarbo-
nyl group, 6-benzofuranylcarbonyl group, 7-benzofuranyl-
carbonyl group, 1-1sobenzofuranylcarbonyl group, 4-1soben-
zoluranylcarbonyl group, 5-1sobenzotfuranylcarbonyl group,
2-benzothienylcarbonyl group, 3-benzothienylcarbonyl
group, 4-benzothienylcarbonyl group, 5-benzothienylcarbo-
nyl group, 6-benzothienylcarbonyl group, 7-benzothienyl-
carbonyl group, 1-1sobenzothienylcarbonyl group, 4-1soben-
zothienylcarbonyl group, 5-1sobenzothienylcarbonyl group,
2-chromenylcarbonyl group, 3-chromenylcarbonyl group,
4-chromenylcarbonyl group, 5-chromenylcarbonyl group,
6-chromenylcarbonyl group, 7-chromenylcarbonyl group,
8-chromenylcarbonyl group, 1-indolidinylcarbonyl group,
2-indolidinylcarbonyl group, 3-indolidinylcarbonyl group.,
S-indolidinylcarbonyl group, 6-indolidinylcarbonyl group,
7-indolidinylcarbonyl group, 8-indolidinylcarbonyl group,
1 -1soindolylcarbonyl group, 2-i1soindolylcarbonyl group,
4-1soindolylcarbonyl group, 5-1soindolylcarbonyl group,
1-indolylcarbonyl group, 2-indolylcarbonyl group, 3-in-
dolylcarbonyl group, 4-indolylcarbonyl group, S-indolylcar-

bonyl group, 6-indolylcarbonyl group, 7-indolylcarbonyl
group, 1l-indazolylcarbonyl group, 2-indazolylcarbonyl
group, 3 1nc,azof.yﬁ.car":)onyl group, 4-mndazolylcarbonyl
group, S-indazolylcarbonyl group, 6-indazolylcarbonyl

group, /-indazolylcarbonyl group, 1-purinylcarbonyl group,
2-purinylcarbonyl group, 3-purinylcarbonyl group, 6-puri-
nylcarbonyl group, 7-purinylcarbonyl group, 8-purinylcarbo-
nyl group, 2-quinolylcarbonyl group, 3-quinolylcarbonyl
group, 4-quinolylcarbonyl group, S-quinolylcarbonyl group.,
6-quinolylcarbonyl group, 7-quinolylcarbonyl group,
8- qumolylcarbonyl group, 1-1soquinolylcarbonyl group,
3- 1soqu1n0 lylcarbonyl group, 4-1soquinolylcarbonyl group,
S-1soquinolylcarbonyl group, 6-1soquinolylcarbonyl group,
7-1soquinolylcarbonyl group, 8-1soquinolylcarbonyl group,
1 -phthaladinylcarbonyl  group, 5-phthaladinylcarbonyl
group, 6-phthaladinylcarbonyl group, 1-2,7-naphthyridinyl-
carbonyl group, 3-2,7-naphthyridinylcarbonyl group, 4-2,7-
naphthyridinylcarbonyl group, 1-2,6-naphthyridinylcarbo-

nyl group, 3-2,6-naphthyridinylcarbonyl group, 4-2.6-
naphthyric mylcarbony,. group., 2-1,8-
naphthyridinylcarbonyl group., 3-1,8-
naphthyridinylcarbonyl group, 4-1,8-
naphthyridinylcarbonyl group, 2-1,7-
naphthyridinylcarbonyl group, 3-1,7-
naphthyridinylcarbonyl group, 4-1,7-
naphthyridinylcarbonyl group, 5-1,7-
naphthyridinylcarbonyl group., 6-1,7-
naphthyridinylcarbonyl group., 8-1,7-
naphthyridinylcarbonyl group, 2-1,6-
naphthyridinylcarbonyl group, 3-1,6-
naphthyridinylcarbonyl group, 4-1,6-
naphthyridinylcarbonyl group, 5-1,6-
naphthyridinylcarbonyl group, 7-1,6-
naphthyridinylcarbonyl group., 8-1,6-
naphthyridinylcarbonyl group., 2-1,5-
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naphthyridinylcarbonyl group, 3-1,5-
naphthyridinylcarbonyl group, 4-1,5-
naphthyridinylcarbonyl group, 6-1,5-
naphthyridinylcarbonyl group, 7-1,5-
naphthyridinylcarbonyl group, 8-1,5- 5
naphthyridinylcarbonyl  group, 2-quinoxalinylcarbonyl

group, S-quinoxalinylcarbonyl group, 6-quinoxalinylcarbo-
nyl group, 2-quinazolinylcarbonyl group, 4-quinazolinylcar-
bonyl group, S-quinazolinylcarbonyl group, 6-quinazolinyl-
carbonyl group, 7-quinazolinylcarbonyl group, 10
8-quinazolinylcarbonyl group, 3-cinnolinylcarbonyl group,
4-cinnolinylcarbonyl group, 5-cinnolinylcarbonyl group,
6-cinnolinylcarbonyl group, 7-cinnolinylcarbonyl group,
8-cinnolinylcarbonyl group, 2-pteridinylcarbonyl group,
4-ptenndinylcarbonyl group, 6-pteridinylcarbonyl group and 15
7-pteridinylcarbonyl group.

Examples of the C, . alkoxycarbonyl group include a
methoxycarbonyl group, ethoxycarbonyl group, n-propoxy-
carbonyl group, 1-propoxycarbonyl group, n-butoxycarbonyl
group, 1-butoxycarbonyl group, s-butoxycarbonyl group, 20
t-butoxycarbonyl group, 1-pentyloxycarbonyl group, 2-pen-
tyloxycarbonyl group, 3-pentyloxycarbonyl group, 1-penty-
loxycarbonyl group, neopentyloxycarbonyl group, t-penty-
loxycarbonyl group, 1 -hexyloxycarbonyl group,
2-hexyloxycarbonyl group and 3-hexyloxycarbonyl group; 25
and

examples of the C,_, alkylsulfonyl group include a meth-
anesulfonyl group, trifluoromethanesulfonyl group and
cthanesulfonyl group. Examples of the C_,, arylsulionyl
group include a benzenesulionyl group, o-biphenylsulfonyl 30
group, m-biphenylsulfonyl group, p-biphenylsulfonyl group,

1 -naphthalenesulfonyl group, 2-naphthalenesulionyl group,

1 -anthracenesulionyl group, 2-anthracenesulfonyl group,
9-anthracenesulfonyl group, 1-phenanthrenesulionyl group,
2-phenanthrenesulionyl  group, 3-phenanthrenesulfonyl 35
group, 4-phenanthrenesulfonyl group and 9-phenanthrene-
sulfonyl group.

Examples of the C,_ g heteroarylsulfonyl group include a
C,_ monocyclic heterocyclic sulfonyl group of up to 5- to
7-membered ring which can contain 1 to 3 oxygen atom(s), 40
nitrogen atom(s), sulfur atom(s) and a combination thereof
and C._, fused bicyclic heterocyclic sultonyl group having up
to 8 to 10 of constituent atoms. Examples of the C,_, mono-
cyclic heterocyclic sulfonyl group of up to 5- to 7-membered
ring include a 2-thienylsulfonyl group, 3-thienylsulfonyl 45
group, 2-Turylsulfonyl group, 3-furylsulfonyl group, 2-pyra-
nylsulfonyl group, 3-pyranylsulionyl group, 4-pyranylsulio-
nyl group, 1-pyrrolylsulfonyl group, 2-pyrrolylsulionyl
group, 3-pyrrolylsulfonyl group, 1-imidazolylsulionyl
group, 2-imidazolylsulionyl group, 4-imidazolylsulfonyl 50
group, l-pyrazolylsulionyl group, 3-pyrazolylsulionyl
group, 4-pyrazolylsulfonyl group, 2-thiazolylsulfonyl group,
4-thiazolylsulfonyl group, 5-thiazolylsulionyl group,
3-1sothiazolylsulfonyl group, 4-1sothiazolylsulionyl group,
S-1sothiazolylsulfonyl group, 2-oxazolylsulfonyl group, 55
4-oxazolylsulfonyl group, 5-oxazolylsulfonyl group, 3-1s0x-
azolylsulfonyl group, 4-1soxazolylsulfonyl group, S5-1s0x-
azolylsulfonyl group, 2-pyridylsulfonyl group, 3-pyridylsul-
fonyl group, 4-pyridylsulionyl group, 2-pyradinylsulionyl
group, 2-pyrimidinylsulfonyl group, 4-pyrimidinylsulfonyl 60
group, S-pyrimidinylsulifonyl group, 3-pyrnidazinylsulionyl
group, 4-pyridazinylsulfonyl group, 2-1,3,4-oxadiazolylsul-
tonyl group, 2-1,3,4- thladlazolylsulfonyl group, 3-1,2,4-oxa-
diazolylsulfonyl group, 3-1,2,4-oxadiazolylsulionyl group,
3-1,2,4-thiadiazolylsulionyl group, 5-1,2.4-thiadiazolylsul- 65
tonyl group, 3-1,2,5,-oxadiazolylsulionyl group and 3-1,2,5-
thiadiazolylsulfonyl group.

76

Examples of the C._, fused bicyclic heterocycle sultfonyl
containing up to 8 to 10 of constituent atoms include a 2-ben-
zoluranylsulfonyl group, 3-benzoluranylsulfonyl group,
4-benzofuranylsulionyl group, 5-benzofuranylsulionyl
group, 6-benzoluranylsulfonyl group, 7-benzofuranylsulio-
nyl group, 1-1sobenzofuranylsulionyl group, 4-1sobenzofura-
nylsulfonyl group, 5-1sobenzoturanylsulfonyl group, 2-ben-
zothienylsulfonyl group, 3-benzothienylsulfonyl group,
4-benzothienylsulfonyl  group, 5-benzothienylsulfonyl
group, 6-benzothienylsulfonyl group, 7-benzothienylsulio-
nyl group, 1-1sobenzothienylsulfonyl group, 4-1sobenzothie-
nylsulfonyl group, 5 1sobenzoth16nylsulf0nyl group,
2-chromenylsulfonyl group, 3-chromenylsulionyl group.,
4-chromenylsulfonyl group, 5-chromenylsulfonyl group.,
6-chromenylsulfonyl group, 7-chromenylsulfonyl group,
8-chromenylsulfonyl group, 1 111d011d111y sulfonyl group,
2-indolidinylsulfonyl group, 3-indolidinylsulfonyl group,
S-indolidinylsulfonyl group, 6-indolidinylsulfonyl group,
7-indolidinylsulfonyl group, 8-indolidinylsulfonyl group,
1-1soindolylsulfonyl group, 2-1soindolylsulfonyl group,
4-1soindolylsulfonyl group, S-1soindolylsulfonyl group, 1-1n-
dolylsulfonyl group, 2-indolylsulfonyl group, 3-indolylsul-
fonyl group, 4-indolylsulifonyl group, 5-indolylsulionyl
group, 6-indolylsulfonyl group, 7-indolylsulfonyl group,
1 -indazolylsulfonyl group, 2-indazolylsulionyl group, 3-1n-
dazolylsulfonyl group, 4-indazolylsulionyl group, 5-inda-
zolylsulfonyl group, 6-indazolylsultonyl group, 7-indazolyl-
sulfonyl group, 1-purinylsulfonyl group, 2-purinylsulifonyl
group, 3-purinylsulfonyl group, 6-purinylsulfonyl group,
7-purinyl sulfonyl group, S-purinylsulfonyl  group,
2-quinolylsulfonyl  group, 3-qunolylsulfonyl group,
4-quinolylsulfonyl  group, 5-quinol ylsuﬂfonyﬁ. group.,
6-quinolylsulfonyl group, 7-quinolylsulfonyl group,
8- quino ylsu fonyl group, 1- 1soqu1n01ylsulf0nyl group,
3- 1soqu1n0 ylsulfonyl group, 4-i1soquinolylsulionyl group,
S-1soquinolylsulfonyl group, 6-1soquinolylsu. .:f'ony,. group,
7-1soquinolylsulfonyl group, 8-1soquinolylsulfonyl group,
1 -phthaladinylsulfonyl group, 5-phthaladinylsulfonyl group,
6-phthaladinylsulfonyl group, 1-2,7-naphthyridinylsulfonyl
group, 3-2,7-naphthyrnidinylsulfonyl group, 4-2,7-naphthy-
ridinylsulfonyl group, 1-2.6-naphthyridinylsulfonyl group,
3-2,6-naphthyndinylsulfonyl group, 4-2,6-naphthyridinyl-
sulfonyl group, 2-1,8-naphthyridinylsulfonyl group, 3-1,8-
naphthyridinylsulfonyl group, 4-1,8-naphthyridinylsulfonyl
group, 2-1,7-naphthyridinylsulfonyl group, 3-1,7-naphthy-
ridinylsulfonyl group, 4-1,7-naphthyridinylsulfonyl group,
5-1,7-naphthyridinylsulfonyl group, 6-1,7-naphthyridinyl-
sulfonyl group, 8-1,7-naphthyridinylsulifonyl group, 2-1,6-
naphthyridinylsultonyl group, 3-1,6-naphthyridinylsulfonyl
group, 4-1,6-naphthyridinylsulfonyl group, 5-1,6-naphthy-
ridinylsulfonyl group, 7-1,6-naphthyridinylsulfonyl group,
8-1,6-naphthyridinylsulfonyl group, 2-1,5-naphthyridinyl-
sulfonyl group, 3-1,5-naphthyridinylsulfonyl group, 4-1,3-
naphthyridinylsulfonyl group, 6-1,5-naphthyridinylsulfonyl
group, 7-1,5-naphthyridinylsulfonyl group, 8-1,5-naphthy-
ridinylsulfonyl group, 2-quinoxalinylsulionyl group, 5-qui-
noxalinylsulfonyl group, 6-quinoxalinylsulfonyl group,
2-quinazolinylsulfonyl group, 4-quinazolinylsultonyl group,
S-quinazolinylsulfonyl group, 6-quinazolinylsulfonyl group,
7-quinazolinylsulfonyl group, 8-quinazolinylsulfonyl group,
3-cinnolinylsulfonyl group, 4-cinnolinylsulfonyl group,
S-cinnolinylsulfonyl group, 6-cinnolinylsulfonyl group,
7-cinnolinylsulfonyl group, 8-cinnolinylsulfonyl group,
2-pteridinylsulfonyl group, 4-pteridinylsulfonyl group,
6-pteridinylsulfonyl group and 7-pteridinylsulfonyl group.

Examples of the C,_ heterocyclyl group include a mono-

cyclic and ring-tused bicyclic heterocyclic group containing
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one or more atom(s) freely selected from nitrogen atom,
oxygen atom and sulfur atom and 2 to 9 carbon atoms, and
specifically include following groups.

O
N
2B Ny N, 2N
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In the above formula, “— (which means chemaical bond)
illustrated in each ring structure means that a substitution
group can take place 1n any position which can be substituted
according to chemical structure, and does not mean specity-
ing a substitution position.

R'*, R"™, R'™ and R' in the formula (a), formula (b),
formula (c), formula (d), formula (1), formula (g), formula
(h), formula (3), formula (k), formula (m), formula (n), for-
mula (o), formula (p), formula (q), formula (r), formula (s),
formula (1), formula (u), formula (v), formula (w), formula
(v), formula (z), formula (aa), formula (ab), formula (ac),
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formula (ad), formula (ae) and formula (af) are independently
preferably hydrogen atom, tluorine atom, chlorine, atom, bro-
mine atom, methyl group, ethyl group, n-propyl group, 1-pro-
pyl group, n-butyl group, n-pentyl group, 1-pentyl group,
3,3-dimethyl-n-butyl  group, methylcarbonyloxymethyl
group, ethylcarbonyloxymethyl group, methylcarbonyloxy-
cthyl group, ethylcarbonyloxyethyl group, methylcarbony-
laminomethyl group, ethylcarbonylaminomethyl group,
methylcarbonylaminoethyl group, ethylcarbonylaminoethyl
group, methoxycarbonylmethyl group, ethoxycarbonylm-
cthyl group, methoxycarbonylethyl group, ethoxycarbonyl-
cthyl group, c-propyl group, c-pentyl group, c-hexyl group,
methoxy group, ethoxy group, n-propoxy group, 1-propoxy
group, methylthio group, ethylthio group, phenyl group, o-bi-
phenylyl group, m-biphenylyl group, p-biphenylyl group,
1 -naphthyl group, 2-naphthyl group, 2-pyridyl group, 3-py-
ridyl group, 4-pyridyl group, methylcarbonyloxy group, eth-
ylcarbonyloxy group, n-propylcarbonyloxy group, 1-propyl-
carbonyloxy group, n-butylcarbonyloxy group,
t-butylcarbonyloxy group, methylamino group, ethylamino
group, n-propylamino group, i-propylamino group, n-buty-
lamino group, dimethylamino group, diethylamino group,
di-n-propylamino group, di-1-propylamino group, di-n-buty-
lamino group, phenylamino group, o-biphenylylamino
group, m-biphenylylamino group, p-biphenylylamino group,
1 -naphthylamino group, 2-naphthylamino group, 2-pyridy-
lamino group, 3-pyridylamino group, 4-pyridylamino group,
methylcarbonylamino group, ethylcarbonylamino group,
n-propylcarbonylamino  group, 1-propylcarbonylamino
group, n-butylcarbonylamino group, methanesulifonamide
group, ecthanesulfonamide group, n-propanesulionamide
group, 1-propanesulfonamide group, n-butanesulfonamide
group, methylaminocarbonyl group, ethyaminocarbonyl
group, n-propylaminocarbonyl group, 1-propylaminocarbo-
nyl group, n-butylaminocarbonyl group, dimethylaminocar-
bonyl group, diethylaminocarbonyl group, di-n-propylami-
nocarbonyl group, di-1-propylaminocarbonyl group, di-c-
propylaminocarbonyl  group, di-n-butylaminocarbonyl
group, methylcarbonyl group, ethycarbonyl group, n-propy-
Icarbonyl group, 1-propylcarbonyl group, n-butylcarbonyl
group, phenylcarbonyl group, o-biphenylylcarbonyl group,
m-biphenylylcarbonyl group, p-biphenylylcarbonyl group,
1 -naphthylcarbonyl group, 2-naphthylcarbonyl group, 2-py-
ridylcarbonyl group, 3-pyridylcarbonyl group, 4-pyridylcar-
bonyl group, methoxycarbonyl group, ethoxycarbonyl group,
n-propoxycarbonyl group, 1-propoxycarbonyl group, n-bu-
toxycarbonyl group, 1-butoxycarbonyl group, s-butoxycarbo-
nyl group, t-butoxycarbonyl group, methanesulfonyl group,
trifluoromethanesulfonyl group, benzenesulionyl group,
o-biphenylsulfonyl group, m-biphenylsulfonyl group, p-bi-
phenylsulfonyl group, 1-naphthalenesulfonyl group, 2-naph-
thalenesulfonyl group, 2-pyridylsulionyl group, 3-pyridyl-
sulfonyl group, 4-pyridylsulionyl group, amino group, cyano
group, carbamoyl group, carboxyl group and following
groups.

)
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-continued
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In the above formula, “—" (which means chemical bond)
illustrated 1n each ring structure means that a substitution
group can take place in any position which can be substituted
according to chemical structure, and does not mean specity-
ing a substitution position.

Q 1n the formula (¢), formula (d), formula (p), formula (q),
formula (v), formula (w), formula (ab), formula (ac) and
formula (ad) means O (oxygen atom), S (sulfur atom), SO
(sulfinyl group) or SO, (sulfonyl group). Q in the formula (c),
formula (d), formula (p), formula (q), formula (v), formula
(w), formula (ab), formula (ac) and formula (ad) 1s preferably
O (oxygen atom).

When a partial nng structure A in the formula (11) or
formula (12) 1s the formula (a), formula (b), formula (1),
formula (k), formula (0), formula (p), formula (s), formula
(v), formula (y), formula (a¢), formula (ag) or formula (ah),
R™, R"™, R™, R" and R'° in the formula (a), formula (b),
tormula (1), formula (k), formula (o), formula (p), formula (s),
formula (v), formula (y), formula (ae), formula (ag) or for-

mula (ah) will be described.
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-continued

RIZ

o=<;:f;

\Z

R15 N
Rlﬁ
RIZ
N
0,87 ‘
144\
RRIS Q
O
Rz TtT
= ‘
RIS AN
Rlﬁ
RIZ
OTN
R14 \N

(1)

(k)

(0)

()

(s)

(V)

(v)

(ae)



US 8,394,974 B2

81

-continued
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When a partial ning structure A in the formula (11) or
formula (12) 1s the formula (a), formula (b), formula (1),
formula (k), formula (o), formula (p), formula (s), formula

(v), formula (y), formula (ae), formula (ag) or formula (ah),
R'* and R" in the formula (a), formula (b), formula (1),

formula (k), formula (p), formula (v), formula (ae), or for-
mula (ag) will be described.
R'* and R'? in the formula (a), formula (b), formula (i),

formula (k), formula (p), formula (v), formula (a¢) and for-
mula (ag) each independently represent a hydrogen atom,
C,_¢ alkyl group (the alkyl group may be optionally substi-
tuted with a halogen atom, C,_. alkoxy group (the alkoxy
group may be optionally substituted with a halogen atom),
amino group or hydroxy group).

Each substitution group of R'* and R"* in the formula (a),
formula (b), formula (1), formula (k), formula (p), formula
(v), formula (ae) and formula (ag) will be specifically
described.

Examples of the C,_. alkyl group include a methyl group,
tritfluoromethyl group, methoxymethyl group, ethyl group,
n-propyl group, 1-propyl group, n-butyl group, 1-butyl group,
s-butyl group, t-butyl group, n-pentyl group, 2-pentyl group,
3-pentyl group, 1-pentyl group, neopentyl group, 2,2-dimeth-
ylpropyl group, n-hexyl group, 2-hexyl group, 3-hexyl group,
1 -methyl-n-pentyl group, 1,1,2-trimethyl-n-propyl group,
1,2,2-timethyl-n-propyl group and 3,3-dimethyl-n-butyl
group.

R'* and R" in the formula (a), formula (b), formula (i),
formula (k), formula (p), formula (v), formula (a¢) and for-
mula (ag) are independently preferably hydrogen atom,
methyl group, trifluoromethyl group, methoxymethyl group,
cthyl group, n-propyl group, 1-propyl group, n-butyl group,
n-pentyl group, 1-pentyl group, amino group and hydroxy
group, and more preferably hydrogen atom and methyl group.

When a partial ring structure A in the formula (11) or
formula (12) 1s the formula (a), formula (b), formula (1),
formula (k), formula (o), formula (p), formula (s), formula
(v), formula (y), formula (ae), formula (ag) or formula (ah),
R™, R" and R'° in the formula (a), formula (b), formula (k),
formula (o), formula (p), formula (s), formula (v), formula
(y), and formula (ae) will be described. R**,R'> and R' ®in the
formula (a), formula (b), formula (k), formula (o), formula
(p), formula (s), formula (v), formula (y) and formula (a¢)
cach independently represent a hydrogen atom, halogen atom
or C,_. alkyl group (the alkyl group may be optionally sub-
stituted with a halogen atom, C, . alkoxy group (the alkoxy
group may be optionally substituted with a halogen atom),
amino group, hydroxy group, C,_ alkylaminocarbonyl
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group, di-C, _. alkylaminocarbonyl group, C, _. alkylcarbony-
loxy group, C, _. alkylcarbonyl group (the alkylcarbonyloxy
group and alkylcarbonyl group may be optionally substituted
with a halogen atom), C, _, alkylcarbonylamino group, C;_q
cycloalkylcarbonyl group or C, _. alkoxycarbonyl group).
Each atom and each substitution group of R'*, R*> and R*°

in the formula (a), formula (b), formula (k), formula (o),
formula (p), formula (s), formula (v), formula (y) and formula
(ae) will be specifically described.

Examples of the halogen atom include a fluorine atom,
chlorine atom, bromine atom and 10dine atom;

examples of the C, _ alkyl group include a methyl group,
tritluoromethyl group, ethyl group, n-propyl group, 1-propyl
group, n-butyl group, i-butyl group, s-butyl group, t-butyl
group, n-pentyl group, 2-pentyl group, 3-pentyl group, 1-pen-
tyl group, neopentyl group, 2,2-dimethylpropyl group,
n-hexyl group, 2-hexyl group, 3-hexyl group, 1-methyl-n-
pentyl group, 1,1,2-trimethyl-n-propyl group, 1,2,2-trim-
cthyl-n-propyl group, 3,3-dimethyl-n-butyl group, methyl-
carbonyloxymethyl group, ethylcarbonyloxymethyl group.,
methylcarbonyloxyethyl  group, ethylcarbonyloxyethyl
group, methylcarbonylaminomethyl group, ethylcarbony-
laminomethyl group, methylcarbonylaminoethyl group, eth-
ylcarbonylaminoethyl  group, methoxycarbonylmethyl
group, ethoxycarbonylmethyl group, methoxycarbonylethyl
group, tritluoromethoxycarbonylmethyl group and ethoxy-
carbonylethyl group. Examples of the C,_ . alkylcarbony-
lamino group include a methylcarbonylamino group, trifluo-
romethylcarbonylamino group, ethylcarbonylamino group,
n-propylcarbonylamino  group, 1-propylcarbonylamino
group, n-butylcarbonylamino group, 1-butylcarbonylamino
group, s-butylcarbonylamino group, t-butylcarbonylamino
group, l-pentylcarbonylamino group, 2-pentylcarbony-
lamino group, 3-pentylcarbonylamino group, 1-pentylcarbo-
nylamino group, neopentylcarbonylamino, t-pentylcarbony-
lamino group, 1 -hexylcarbonylamino group,
2-hexylcarbonylamino group and 3-hexylcarbonylamino
group,

examples of the C,_, cycloalkylcarbonyl group include a
c-propylcarbonyl group, c-butylcarbonyl group, 1-methyl-c-
propylcarbonyl group, 2-methyl-c-propylcarbonyl group,
c-pentylcarbonyl group, 1-methyl-c-butylcarbonyl group,
2-methyl-c-butylcarbonyl group, 3-methyl-c-butylcarbonyl
group, 1,2-dimethyl-c-propylcarbonyl group, 2,3-dimethyl-
c-propylcarbonyl group, 1-ethyl-c-propylcarbonyl group,
2-ethyl-c-propylcarbonyl group, c-hexylcarbonyl group,
c-heptylcarbonyl group, c-octylcarbonyl group, 1-methyl-c-
hexylcarbonyl group, 2-methyl-c-hexylcarbonyl group,
3n-methyl-c-hexylcarbonyl group, 1,2-dimethyl-c-hexylcar-
bonyl group, 2,3-dimethyl-c-propylcarbonyl group, 1-ethyl-
c-propylcarbonyl group, 1-methyl-c-pentylcarbonyl group,
2-methyl-c-pentylcarbonyl group, 3-methyl-c-pentylcarbo-
nyl group, 1-ethyl-c-butylcarbonyl group, 2-ethyl-c-butylcar-
bonyl group, 3-ethyl-c-butylcarbonyl group, 1,2-dimethyl-c-
butylcarbonyl group, 1,3-dimethyl-c-butylcarbonyl group,
2,2-dimethyl-c-butylcarbonyl group, 2,3-dimethyl-c-butyl-
carbonyl group, 2,4-dimethyl-c-butylcarbonyl group, 3,3-
dimethyl-c-butylcarbonyl group, 1-n-propyl-c-propylcarbo-
nyl group, 2-n-propyl-c-propylcarbonyl group, 1-1-propyl-c-
propylcarbonyl group, 2-1-propyl-c-propylcarbonyl group,
1,2,2-trimethyl-c-propylcarbonyl group, 1,2,3-trimethyl-c-
propylcarbonyl group, 2,2,3-trimethyl-c-propylcarbonyl
group, 1-ethyl-2-methyl-c-propylcarbonyl group, 2-ethyl-1-
methyl-c-propylcarbonyl group, 2-ethyl-2-methyl-c-propyl-
carbonyl group and 2-ethyl-3-methyl-c-propylcarbonyl
group; and
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examples ofthe C, _ alkoxycarbonyl group include a meth-
oxycarbonyl group, ethoxycarbonyl group, n-propoxycarbo-
nyl group, 1-propoxycarbonyl group, n-butoxycarbonyl
group, 1-butoxycarbonyl group, s-butoxycarbonyl group,
t-butoxycarbonyl group, 1-pentyloxycarbonyl group, 2-pen-
tyloxycarbonyl group, 3-pentyloxycarbonyl group, 1-penty-
loxycarbonyl group, neopentyloxycarbonyl group, t-penty-
loxycarbonyl group, 1 -hexyloxycarbonyl group,
2-hexyloxycarbonyl group and 3-hexyloxycarbonyl group.

R'*, R' and R'° in the formula (a), formula (b), formula
(k), formula (0), formula (p), formula (s), formula (v), for-
mula (y) and formula (ae) are independently preferably
hydrogen atom, fluorine atom, chlorine, atom, bromine atom,
methyl group, trifluoromethyl group, ethyl group, n-propyl
group, 1-propyl group, n-butyl group, n-pentyl group, 1-pentyl
group, methylcarbonyloxymethyl group, ethylcarbony-
loxymethyl group, methylcarbonyloxyethyl group, ethylcar-
bonyloxyethyl group, methylcarbonylaminomethyl group,
cthylcarbonylaminoethyl group, methylcarbonylaminoethyl
group, ethylcarbonylaminoethyl group, methoxycarbonylm-
cthyl group, ethoxycarbonylmethyl group, methoxycarbon-
ylethyl group, trifluoromethoxycarbonylmethyl group and
cthoxycarbonylethyl group, and more preferably hydrogen
atom group, fluorine atom group, chlorine atom, methyl
group, trifluoromethyl group, ethyl group, n-propyl group,
1-propyl group, methylcarbonyloxymethyl group, ethylcar-
bonyloxymethyl group, methylcarbonylaminoethyl group,
cthylcarbonylaminoethyl group, methoxycarbonylmethyl
group and tritfluoromethoxycarbonylmethyl group.

Partial ring structures of A 1n the formula (11) or formula
(12) are the formula (p) and formula (v), and Q in the formula
(p) or formula (v) means O (oxygen atom), S (sulfur atom),
SO (sulfinyl group) or SO, (sulfonyl group). Q 1n the formula
(p) or formula (v) 1s preferably O (oxygen atom).

R”, R, W, X, Y and Z in the formula (13) will be
described.

R” and R'® in the formula (13) each independently repre-
sent a hydrogen atom, C,_. alkyl group (the alkyl group may
be optionally substituted with a halogen atom, C,_, alkoxy
group (the alkoxy group may be optionally substituted with a
halogen atom) or hydroxy group), C_,., aryl group (the aryl
group may be optionally substituted with a halogen atom,
hydroxy group, nitro group, cyano group, C, . alkyl group
(the alkyl group may be optionally substituted with a halogen
atom, C, _. alkoxy group (the alkoxy group may be optionally
substituted with a halogen atom) or hydroxy group), or C, _
alkoxy group (the alkoxy group may be optionally substituted
with a halogen atom)).

Each substitution group of R” and R'” in the formula (13)
will be specifically described.

Examples of the C,_. alkyl group include a methyl group,
tritfluoromethyl group, methoxymethyl group, ethyl group,
n-propyl group, 1-propyl group, n-butyl group, 1-butyl group,
s-butyl group, t-butyl group, 1-pentyl group, 2-pentyl group,
3-pentyl group, 1-pentyl group, neopentyl group, 2,2-dimeth-
ylpropyl group, 1-hexyl group, 2-hexyl group, 3-hexyl group,
1-methyl-n-pentyl group, 1,1,2-trimethyl-n-propyl group,
1,2,2-trimethyl-n-propyl group and 3,3-dimethyl-n-butyl
group; and examples of the C_, , aryl group include a phenyl
group, 0-biphenylyl group, m-biphenylyl group, p-bipheny-
lyl group, 1-naphthyl group, 2-naphthyl group, 1-anthryl
group, Z2-anthryl group, 9-anthryl group, 1-phenanthryl
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group, 2-phenanthryl group, 3-phenanthryl group, 4-phenan-
thryl group and 9-phenanthryl group.

R” and R'® in the formula (13) are preferably methyl group,
trifluoromethyl group and ethyl group, and more preferably
methyl group.

W 1n the formula (13) preferably represents a hydrogen
atom, hydroxy group, C,_. alkoxy group (the alkoxy group
may be optionally substituted with a halogen atom), halogen
atom, C,_, alkyl group or C,_. alkylsulfonamide group (the
alkyl group and the alkylsulfonamide group may be option-
ally substituted with a halogen atom).

Each atom and each substitution group of W 1n the formula

(13) will be specifically described.

Examples of the C,_. alkoxy group include a methoxy
group, ethoxy group, n-propoxy group, 1-propoxy group,
n-butoxy group, 1-butoxy group, s-butoxy group, t-butoxy
group, 1-pentyloxy group, 2-pentyloxy group, 3-pentyloxy
group, 1-pentyloxy group, neopentyloxy group, 2,2-dimeth-
ylpropoxy group, 1-hexyloxy group, 2-hexvloxy group,
3-hexyloxy group, 1-methyl-n-pentyloxy group, 1,1,2-trim-
cthyl-n-propoxy group, 1,2,2-trimethyl-n-propoxy group and
3,3-dimethyl-n-butoxy group;

examples of the halogen atom include a fluorine atom,
chlorine atom, bromine atom and 10dine atom:

examples of the C,_, alkyl group include a methyl group,
tritluoromethyl group, ethyl group, n-propyl group, 1-propyl
group, n-butyl group, 1-butyl group, s-butyl group and t-butyl
group; and

examples of the C,_, alkylsulfonamide group include a
methanesulfonamide group, trifluoromethanesulifonamid
group, ethanesulfonamide group, n-propanesulfonamid
group, 1-propanesulifonamide group, n-butanesulfonamid
group, 1-butanesulfonamide group, s-butanesulfonamid
group, t-butanesulfonamide group, 1-pentanesulfonamid
group, 2-pentanesulfonamide group, 3-pentanesulfonamid
group, 1-pentanesulifonamide group, neopentanesulifonamid
group, t-pentanesulfonamide group, 1-hexanesulfonamid
group, 2-hexanesulfonamide group and 3-hexanesuliona-
mide group.

W 1n the formula (13) preferably represents a hydrogen
atom, hydroxy group, fluorine atom, chlorine atom, bromine
atom, methyl group, trifluoromethyl group, ethyl group,
methoxy group, ethoxy group, n-propoxy group, 1-propoxy
group, methanesulifonamide group, trifluoromethanesuliona-
mide group, ethanesulfonamide group, n-propanesulfona-
mide group, 1-propanesulfonamide and n-butanesulfonamide
group and more preferably hydrogen atom, hydroxy group,
fluorine atom, methyl group, trifluoromethyl group, ethyl
group, methoxy group, methanesulfonamide group and trif-
luoromethanesulfonamide group.

X in the formula (13) represents NR*"; N represents a
nitrogen atom; and R*" represents a hydrogen atom or C,
alkyl group.

Each substitution group of R*° of X in the formula (13) will
be described.

Examples of the C,_, alkyl group include a methyl group,
cthyl group, n-propyl group, 1-propyl group, n-butyl group,
1-butyl group, s-butyl group and t-butyl group.

R*" of X in the formula (13) is preferably hydrogen atom,
methyl group and ethyl group.

Y 1n the formula (13) 1s chemical bond, SO (sulfinyl group)
or SO, (sulfonyl group), and preferably chemical bond and

SO,

¢ o o ¢ o O O «
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7. 1n the formula (13) 1s C,_, alkyl group (the C,_, alkyl
group may be optionally substituted with 1 to 5 halogen
atom(s) or a phenyl group (the phenyl group may be option-
ally substituted with a C, _, alkyl group)) or phenyl group (the
phenyl group may be optionally substituted with a C, _, alkyl

group).
Each substitution group of Z 1n the formula (13) will be

specifically described.

Examples of the C, _, alkyl group includes a methyl group,
tritfluoromethyl group, ethyl group, n-propyl group, 1-propyl
group, n-butyl group, 1-butyl group, s-butyl group and t-butyl
group.

7. 1n the formula (13) 1s preferably methyl group, trifluo-
romethyl group, ethyl group, n-propyl group, 1-propyl group
and phenyl group.

When an optically active titanium complex represented by
any of the formula (1), formula (1"), formula (2), formula (2'),
formula (3), formula (3'), formula (4) and formula (4') 1s used

as a catalyst, a used amount of the optically active titanium

complex to that of chromene compound represented by the
tormula (10), formula (11), formula (12) or formula (13)1s 1n

the range o1 0.001 to 100 mol %, pretferably 0.01 to 20 mol %,
and more preferably 0.3 to 5 mol %.

When an optically active titanium complex represented by
any of the formula (1), formula (1"), formula (2), formula (2'),
formula (3), formula (3'), formula (4) and formula (4') 1s used
as a catalyst, a solvent used 1n asymmetric epoxidation 1s 1n
the case of an aprotic organmic solvent, the aprotic organic
solvents including a halogen-type solvent, an aromatic hydro-
carbon-type solvent, an ester-type solvent, an ether-type sol-
vent or a nitrile-type solvent, and 1n the case of a protic
organic solvent, the protic organic solvent including an alco-
hol-type solvent. Examples of the halogen-type solvent
include dichloromethane, chloroform, 1,2 dichloroethane
and chlorobenzene; examples of the aromatic hydrocarbon-
type solvent include benzene and toluene; examples of the
ester-type solvent include ethyl acetate; examples of the
cther-type solvent include tetrahydrofuran and diethylether;
and examples of the mitrile-type solvent include butyronitrile,
propionitrile and acetonitrile. Examples of the alcohol-type
solvent include methanol, ethanol and 1-propanol. Moreover,
a mixture of the above-mentioned solvents 1s imncluded. In
addition, when hydrogen peroxide aqueous solution 1s used 1n
this reaction, an organic layer and an aqueous layer may be
separated by mixing hydrogen peroxide aqueous solution
with an organic solvent which 1s not soluble 1n water. How-
ever, this two-phase solvent can also be used as a reaction
solvent of the present invention. The preferable solvent 1s an
aprotic organic solvent of dichloromethane, 1,2 dichloroet-
hane, chlorobenzene, toluene, ethyl acetate and a mixture
thereof.

As a production operation, when a chromene compound,
an optically active titantum complex and an oxidizing reagent
are added to an organic solvent, the reaction will proceed.
Preferable addition order 1s that an oxidizing reagent 1s added
to a solution of an organic solvent, a chromene compound and
an optically active titantum complex.

Specific examples of an oxidizing reagent used in the reac-
tion 1nclude 10dosobenzene, sodium hypochlorite, m-chlo-
roperbenzoic acid, Oxone (registered trademark of DuPont),
hydrogen peroxide aqueous solution, urea-hydrogen perox-
ide adduct (UHP), oxaziridine, N-methylmorpholineoxide
(NMO), t-butylhydroperoxide (1 BHP), cumenehydroperox-
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ide (CHP) or a combination thereof. Of these oxidizing
reagents, hydrogen peroxide aqueous solution, urea-hydro-
gen peroxide adduct (UHP) and a mixture thereof are prefer-
able. When an oxidizing reagent 1s hydrogen peroxide aque-
ous solution, a concentration can be 1n the range of 1 to 100%
by weight, and preferably in the range of 5 to 60% by weight.

A used amount of the oxidizing reagent used 1n the reaction
to an amount of chromene compound represented by the
formula (10), formula (11), formula (12) or formula (13) can
be 1 to 10 equivalent(s), and preferably 1 to 3 equivalent(s).

Examples of an addition method of the oxidizing agent
include fractionated addition and continuous addition, other
than one-time addition.

When the addition method 1s the continuous addition, a
preferable addition rate 1s 1n the range 1n which the tempera-
ture 1n the reaction solvent system does not sharply increase,
and specifically the addition rate i1s 1n the range of 0.01 to
40000 equivalent per hour, and more preferably 1n the range
of 0.05 to 0.3 equivalent per hour. The term “fractionated
addition” means a method of separately adding a used oxi-
dizing reagent 1n p times (p can be any integer). A fraction
may be dividing equally or unequally, and p 1s preferably in
the range of 2 to 100.

A reaction temperature can be in the range of —=78° C. to a
reflux temperature of a solvent or in the range of a melting
temperature of a solvent to a reflux temperature of the solvent,
preferably 1n the range of =20 to 50° C., and more preferably
0 to 35° C.

A pressure 1n the reaction system can be 10 kPa to 1100
kPa, preterably 15 kPa to 200 kPa. By applying pressure, the
reaction can be conducted under higher temperature than a
reflux temperature of a solvent under normal pressure.

A reaction time can be shortened by adding an additional
catalyst of optically active titanium complex during the reac-
tion. Moreover, reaction time can be shortened by adding an
additional oxidizing reagent.

After completion of the reaction, a target optically active
chromene oxide compound can be obtained by separating and
purifying the reaction mixture with distillation operation,
silica gel column chromatography, separation and extraction
operation, recrystallization operation or a mixed operation
thereof.

An optical purity of the obtained optically active chromene
oxide compound can be analyzed by optically active high-
performance liquid chromatography analysis, optically active
gas chromatography analysis or measurement of optical rota-
tion.

The present invention will be turther described hereinatter
by way of examples. However, the present invention 1s not
limited to these examples.

Of optical active chromene compounds 1n those examples,
some compounds have an absolute configuration of asym-
metric carbons that has not known yet. For these compounds,
description of chemical formulae and compound names rep-
resents provisional absolute configuration shown by adding
an asterisk (*) to each absolute configuration representation
in the compound name and of each asymmetric carbon 1n the
chemical formulae.

Synthesis of optically active titanium-salalen complexes
(A), (B) and (C)

The optically active titammum-salalen complexes (A), (B)
and (C) used 1in examples were synthesized according to the

method described in Non-Patent Document 8 (Angew. Chem.
Int. Ed., 44, 4935-4939 (2005)).
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-continued

The optically active titanium-salan complex (D) repre-
sented by the following formula was obtained by the follow-
ing method.

. "J'
. —
J"N:' ’ -

/7 \
O C

(C)

90
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-continued

7\

Salan Ligand (42")

To a dichloromethane reaction solvent of the salan ligand
(42"), 1.1 mol per mol of the salan ligand (42') of titanium
tetraisopropoxide (11(O1-Pr),) was added under nitrogen
atmosphere at 25 to 28° C. Then, the mixture was stirred for
5 hours and water was added at 25 to 28° C. and the resultant
reaction solution was stirred for 12 hours. The reaction sol-
vent was removed by distillation to obtain a crude product,

20

25

92

(42')

and the product was recrystallized with dichloromethane to
obtain the optically active titanium complex (D).

A Taintly yellowish white solid
MS (CSI)=1082, 2163

The optically active titanium-salan complexes (E) and (F)
were also obtained by the same method described above.

(E)
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-continued

Example 1

Synthesis of (35,4S)-6-acetamide-3,4-epoxy-3,4-
dihydro-2,2-dimethyl-7-nitro-2H-1-benzopyran
(Compound (1))

(D

AcHN

X

F

0,N

6-Acetamide-2,2-dimethyl-7-nitro-2H-1-benzopyran
(0.54 g, 2.1 mmol) was added to a dichloromethane solution
(3 mL) of the optically active titantum-salalen complex (B)
(38 mg, 0.021 mmol) (1.0 mol % to a substrate) at 28° C.
While stirring the reaction solution, 7.5% hydrogen peroxide
aqueous solution (1.4 g, 3.1 mmol) was added at 28° C. for 10
hours. The start time of addition of 7.5% hydrogen peroxide
aqueous solution was defined as the reaction start time. After
14 hours from the reaction start time, additional 7.5% hydro-
gen peroxide aqueous solution (0.1 g, 0.2 mmol) was added at
28° C. and the resultant solution was further stirred for 19
hours after the reaction start time at 28° C. After completion
of the reaction, dichloromethane (6 mL ) and distilled water (6

ml ) were added to the reaction solution, and the organic layer

was separated. An organic layer which was extracted from the
aqueous layer with dichloromethane (6 mL ) and the separated
organic layer were combined, and the combined layer was
condensed to obtain a crude product. The product was puri-
fied by column chromatography to obtain the compound (I) 1n
the form of yellowish powder (0.49 g, yield: 86%, optical
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(F)

purity: 99.9% ee or more). Analytical conditions; Column
name: CHIRALPAK OJ-RH, Fluent: acetonitrile/methanol/

0.01 M sodium chloride aqueous solution=1/3/5 (v/v/v),
Flow rate: 1.5 mL/min, Column temperature: 40° C., Reten-
tion time: product of the reaction (3S,45) 15.9 min, enanti-
omer (3R,4R) 11.7 min, Measured wavelength: 242 nm.

"H-NMR (CDCL,) §; 1.27 (s, 3H), 1.59 (s, 3H), 2.28 (s,
3H), 3.55(d, J=4.1 Hz, 1H), 3.97 (d, J=4.1 Hz, 1H), 7.64 (s,
1H), 8.79 (s, 1H), 10.10 (br, 1H)

Example 2

Synthesis of (3R,4R)-6-acetamide-3,4-epoxy-3.4-
dihydro-2,2-dimethyl-7-nitro-2H-1-benzopyran
(Compound (II))

(1)

AcHN
4R

3R
CH;

O>N CH3

6-Acetamide-2,2-dimethyl-7-nitro-2H-1-benzopyran
(337.4 mg, 2.1 mmol) was added to a dichloromethane solu-
tion (3 mL) of the optically active titantum-salalen complex
(E) (25.6 mg, 0.021 mmol) (1.0 mol % to a substrate) at 30°
C. While stirring the reaction solution, 30% hydrogen perox-
1de aqueous solution (302.7 mg, 2.7 mmol) was added at 30°
C. for 1 second. Then the resultant solution was further stirred
for 7 hours at 30° C. After completion of the reaction, dichlo-
romethane and distilled water were added to the reaction
solution, and the organic layer was separated. An organic
layer which was extracted from the aqueous layer with
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dichloromethane and the separated organic layer were com-
bined, and the combined layer was condensed to obtain a
crude product. The product was purified by column chroma-

tography to obtain the compound (I1I) 1n the form of yellowish
powder (0.53 g, yvield: 93%, optical purity: 99.9% ee or more).

Analytical conditions; Column name: CHIRALPAK OJ-
RH
aqueous solution=1/3/5 (v/v/v), Flow rate: 1.5 mL/min, Col-

Eluent: acetonitrile/methanol/0.01 M sodium chloride

umn temperature: 40° C., Retention time: product of the
reaction (3R,4R) 13.4 min, enantiomer (3S,4S) 17.5 min,
Measured wavelength: 242 nm.

'H-NMR (CDCl,) &; 1.27 (s, 3H), 1.59 (s, 3H), 2.28 (s,
3H), 3.55 (d, J=4.2 Hz, 1H), 3.97 (d, J=4.5 Hz, 1H), 7.63 (s,
1H), 8.79 (s, 1H), 10.09 (br, 1H)

Example 3

Synthesis of (3S,45)-3,4-epoxy-3,4-dihydro-2,2-
dimethyl-6-nitro-2H-1-benzopyran (Compound (I1I))

(I11)

O,N

2,2-Dimethyl-6-nitro-2H-1-benzopyran (041 g, 2.0
mmol) was added to a dichloromethane solution (8 mL ) of the
optically active titanium-salalen complex (B) (73 mg, 0.041
mmol) (2.0 mol % to a substrate) at 25° C. While stirring the

reaction solution, 30% hydrogen peroxide aqueous solution
(0.24 g, 2.1 mmol) was added at 25° C. for 2 seconds. The
start time of addition of 30% hydrogen peroxide aqueous

solution was defined as the reaction start time. The resultant

solution was stirred for 27 hours from the reaction start time
at 25° C. After completion of the reaction, dichloromethane
(6 mL) and distilled water (6 mL ) were added to the reaction
solution, and the organic layer was separated. An organic
layer which was extracted from the aqueous layer with
dichloromethane and the separated organic layer were com-
bined, and the combined layer was condensed to obtain a
crude product. The product was purified by column chroma-
tography to obtain the compound (111) 1n the form of whitish
yellow powder (0.43 g, yvield: 97%, optical purity: 99.9% ee
or more). Analytical conditions; Column name: CHIRAL-

CEL OD-H, Eluent: n-hexane/1-propanol=9/1 (v/v), Flow
rate: 1.0 mL/min, Column temperature: 40° C., Retention

time: product of the reaction (3S,4S) 9.6 min, enantiomer
(3R.,4R) 8.4 min,

Measured wavelength: 300 nm.
"H-NMR (CDCL,) §; 1.33 (s, 3H), 1.63 (s, 3H), 3.57 (d,

J=4.4 Hz, 1H), 4.00 (d, J=4.4 Hz, 1H), 6.89 (d, J=9.1 Hz, 1H),
8.15 (dd, 1=9.1, 2.8 Hz, 1H), 8.31 (d, 1=2.8 Hz, 1H)
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Example 4

Synthesis of (35,45)-3,4-epoxy-3,4-dihydro-2,2-
dimethyl-6-nitro-2H-1-benzopyran (Compound (I1I))

(437)

Titanium tetraisopropoxide, (11(O1-Pr),), (2.3 mg, 0.0080

mmol) was added to a dichloromethane solution (0.3 mL) of

the salan ligand (4.9 mg, 0.0080 mmol) (4.0 mol % to a
substrate) represented by the formula (43') at 20° C. After 1
hour stirring at 20° C., 2,2-dimethyl-6-nitro-2H-1-benzopy-
ran (41 mg, 0.20 mmol) was added to the solution. 30%
hydrogen peroxide aqueous solution (0.034 g, 0.30 mmol)
was divided into three equal portions and, while stirring the
reaction solution, the first addition was conducted at 20° C.,
and after 30 minutes, the second addition was conducted, and
after 1 hour, the third addition was conducted. The start time
of the first addition o1 30% hydrogen peroxide aqueous solu-
tion was defined as the reaction start time. The resultant
solution was stirred for 24 hours from the reaction start time
at 20° C. and the reaction solution sample was taken. The
reaction conversion rate of the taken sample was analyzed
with HPLC. The conversion rate to the compound (11I) was
99% or more and the optical purity was 99% ee.

Analytical conditions; Column name: CHIRALPAK AD-
RH (three columns are serially connected), Eluent: acetoni-
trile/20 mM (pHS) phosphate butler solution=6/4 (v/v), Flow
rate: 1.0 mL/min, Column temperature: 40° C., Retention

time: product of the reaction (3S,4S) 15.8 min, enantiomer
(3R,4R) 12.6 min, Measured wavelength: 330 nm.

Example 5

Synthesis of (3R,4R)-3,4-epoxy-3,4-dihydro-2,2-
dimethyl-6-nitro-2H-1-benzopyran (Compound (IV))

(IV)

O2N\/\ f

‘ 3R

NN

CH;

2.,2-Dimethyl-6-nitro-2H-1-benzopyran (0.41 g, 2.0
mmol) was added to a dichloromethane solution (6 mL) of the
optically active titantum-salan complex (E) (48 mg, 0.040
mmol) (2.0 mol % to a substrate) at 20° C. 30% hydrogen
peroxide aqueous solution (0.24 g, 2.1 mmol) was divided
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into three equal portions and, while stirring the reaction solu-
tion, the first addition was conducted at 20° C., and after 30
minutes, the second addition was conducted, and after 1 hour,
the third addition was conducted. The start time of the first
addition of 30% hydrogen peroxide aqueous solution was
defined as the reaction start time. After the resultant solution
was stirred for 24 hours from the reaction start time at 20° C.,
dichloromethane (5 mL) and distilled water (5 mL) were
added to the reaction solution, and the organic layer was
separated. Organic layers which were extracted twice from
the aqueous layer with dichloromethane (5 mL and 3 mL) and
the separated organic layer were combined, and the combined
layer was condensed to obtain a crude product. The product
was purified by column chromatography to obtain the com-
pound (IV) 1n the form of whitish yellow powder (0.41 g,
yield: 94%, optical purity: 99.9% ee or more).

Analytical conditions; Column name: CHIRALPAK AD-
RH (three columns are serially connected), FEluent: acetoni-
trile/20 mM (pHS) phosphate butier solution=6/4 (v/v), Flow
rate: 1.0 mL/min, Column temperature: 40° C., Retention

time: product of the reaction (3R,4R) 12.6 min, enantiomer
(3S5,45) 15.8 min, Measured wavelength: 330 nm.

'H-NMR (CDCl,) 8; 1.33 (s, 3H), 1.62 (s, 3H), 3.58 (d,
J=4.4 Hz, 1H), 4.00 (d, J=4.4 Hz, 1H), 6.89 (d, J=8.6 Hz, 1H),
8.14 (dd, 1=8.6, 3.0 Hz, 1H), 8.30 (d, J=3.0 Hz, 1H)

Example 6

Synthesis of (3R,4R)-3,4-epoxy-3.,4-dihydro-2,2-
dimethyl-6-nitro-2H-1-benzopyran (Compound (I1V))

2,2-Dimethyl-6-nitro-2H-1-benzopyran (041 g, 2.0
mmol) was added to a dichloromethane solution (8 mL ) of the
optically active titantum-salalen complex (A) (73 mg, 0.041
mmol) (2.0 mol % to a substrate) at 25° C. While stirring the
reaction solution, 30% hydrogen peroxide aqueous solution
(0.24 g, 2.1 mmol) was added at 25° C. for 2 seconds. After
the addition, the solution was continued to stir at 25° C. The
start time of the addition of 30% hydrogen peroxide aqueous
solution was defined as the reaction start time. After 8 hours
from the reaction start time, the reaction solution sample was
taken and the reaction conversion rate of the taken sample was
analyzed with HPLC. The conversion rate to the compound
(IV) was 99% or more and the optical purity was 96% ee.

Analytical conditions; Column name: CHIRALPAK AD-
RH, Eluent: acetonitrile/20 mM (pHS8) phosphate butfer solu-
tion=6/4 (v/v), Flow rate: 1.0 mL/min, Column temperature:
40° C., Retention time: product of the reaction (3R,4R) 5.2
min, enantiomer (35,4S) 6.1 min, Measured wavelength: 330
mm.

Example 7

Synthesis of (35*,45%)-3 4-epoxy-3,4-dihydro-2,2-
dimethyl-7-nitro-6-methoxy-2H-1-benzopyran
(Compound (V), * Represents a Relative Configura-
tion)

(V)

or
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-continued
(V')
4R+ U
O
M N X 3R*
‘ CH,
OEN/ \/\O CHj;

2,2-Dimethyl-7-nitro-6-methoxy-2H-1-benzopyran (0.47
mg, 2.0 mmol) was added to a dichloromethane solution (8
mlL) of the optically active titanium-salalen complex (B) (71
mg, 0.040 mmol) (2.0 mol % to a substrate) at 25° C. While
stirring the reaction solution, 30% hydrogen peroxide aque-

ous solution (0.24 g, 2.1 mmol) was added at 25° C. for 2
seconds. The start time of addition of 30% hydrogen peroxide
aqueous solution was defined as the reaction start time. The
resultant solution was further stirred for 19 hours from the
reaction start time at 25° C. After completion of the reaction,
dichloromethane (3 mL) and distilled water (3 mL) were
added to the reaction solution, and the organic layer was
separated. An organic layer which was extracted from an
aqueous layer with dichloromethane (3 mL) and the separated
organic layer were combined, and the combined layer was
condensed to obtain a crude product. The product was puri-
fied by column chromatography to obtain the compound (V)
in the form of yellowish 01l (0.50 g, yield: 99%, optical purity:
99.9% ee or more).

Analytical conditions; Column name: CHIRALPAK AD-
RH (three columns are serially connected), Fluent: acetoni-
trile/20 mM (pHS) phosphate butier solution=6/4 (v/v), Flow
rate: 0.8 mL/min, Column temperature: 40° C., Retention
time: product of the reaction 12.1 min, enantiomer 11.3 min,
Measured wavelength: 225 nm.

"H-NMR (CDCL,) 8; 1.26 (s, 3H), 1.59 (s, 3H), 3.53 (d,
J=4.4 Hz, 1H), 3.90 (d, J=4.4 Hz, 1H), 3.95 (s, 3H), 7.08 (s,
1H), 7.33 (s, 1H)

Example 8

Synthesis of (35%,45%)-3 4-epoxy-3,4-dihydro-2,2-
dimethyl-7-nitro-6-methoxy-2H-1-benzopyran
(Compound (V), * Represents a Relative Configura-
tion)

(41')

Titantum tetraisopropoxide, (T1(O1-Pr),), (5.7 mg, 0.020
mmol) was added to a dichloromethane solution (0.9 mL) of

the salan ligand (14 mg, 0.020 mmol) represented by the
formula (41') at 20° C. After 1 hour stirring at 20° C., 2,2-

dimethyl-7-nitro-6-methoxy-2H-1-benzopyran (0.118 g,
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0.50 mmol) was added to the solution. 30% hydrogen perox-
ide aqueous solution (0.085 g, 0.75 mmol) was divided into
three equal portions and, while stirring the reaction solution,
the first addition was conducted at 20° C., and after 30 min-
utes, the second addition was conducted, and after 1 hour, the
third addition was conducted. The time of the first addition of
30% hydrogen peroxide aqueous solution was defined as the
reaction start time. The resultant solution was stirred for 24
hours from the reaction start time at 20° C. and the reaction
solution sample was taken. The reaction conversion rate of the
taken sample was analyzed with HPLC. The conversion rate
to the compound (V) was 99% or more and an optical purity
was 99% ee.

Analytical conditions; Column name: CHIRALPAK AD-
RH (three columns are serially connected), Eluent: acetoni-
trile/20 mM (pHS) phosphate butier solution=6/4 (v/v), Flow
rate: 0.5 mL/min, Column temperature: 40° C., Retention
time: product of the reaction 18.3 min, enantiomer 17.5 min,
Measured wavelength: 225 nm.

Example 9

Synthesis of (3R*,4R*)-3,4-epoxy-3,4-dihydro-2,2-
dimethyl-7-nitro-6-methoxy-2H-1-benzopyran
(Compound (V'), * Represents a Relative Configura-
tion)

2,2-Dimethyl-7-nitro-6-methoxy-2H-1-benzopyran (0.47
g 2.0 mmol)was added to a dichloromethane solution (7 mL)
of the optically active titantum-salan complex (E) (48 mg,
0.040 mmol) (2.0 mol % to a substrate) at 25° C. 30% hydro-
gen peroxide aqueous solution (0.24 g, 2.1 mmol) was
divided into three equal portions and, while stirring the reac-
tion solution, the first addition was conducted at 20° C., and
after 30 minutes, the second addition was conducted, and
after 1 hour, the third addition was conducted. The time of the
first addition of 30% hydrogen peroxide aqueous solution
was defined as the reaction start time. After the resultant
solution was stirred for 24 hours from the reaction start time
at 20° C., dichloromethane (5 mL) and distilled water (5 mL)
were added to the reaction solution, and the organic layer was
separated. Organic layers which were extracted twice from
the aqueous layer with dichloromethane (5 mL and 3 mL) and
the separated organic layer were combined, and the combined
layer was condensed to obtain a crude product. The product
was purified by column chromatography to obtain the com-
pound (V') 1in the form of yellowish o1l (0.48 g, yield: 96%,
optical purity: 99.9% ee or more).

Analytical conditions; Column name: CHIRALPAK AD-
RH (three columns are serially connected), Eluent: acetoni-
trile/20 mM (pHS8) phosphate butler solution=6/4 (v/v), Flow
rate: 0.5 mL/min, Column temperature: 40° C., Retention
time: product of the reaction 17.5 min, enantiomer 18.3 min,
Measured wavelength: 225 nm.

"H-NMR (CDCL,) &; 1.26 (s, 3H), 1.58 (s, 3H), 3.54 (d,
J=4.5 Hz, 1H), 3.91 (d, J=4.5 Hz, 1H), 3.95 (s, 3H), 7.09 (s,
1H), 7.32 (s, 1H)

Example 10

(3R *,4R*)-3,4-epoxy-3,4-dihydro-2,2-dimethyl-7-
nitro-6-methoxy-2H-1-benzopyran (Compound (V'),
* Represents a Relative Configuration)

2,2-Dimethyl-7-nitro-6-methoxy-2H-1-benzopyran (0.47
mg, 2.0 mmol) was added to a dichloromethane solution (8
ml.) of the optically active titanium-salalen complex (A) (71
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mg, 0.040 mmol) (2.0 mol % to a substrate) at 25° C. While
stirring the reaction solution, 30% hydrogen peroxide aque-
ous solution (0.24 g, 2.1 mmol) was added at 25° C. for 2
second. The start time of addition of 30% hydrogen peroxide
aqueous solution was defined as the reaction start time. After
18 hours from the reaction start time, a reaction solution
sample was taken. The reaction conversion rate of the taken
sample was analyzed with HPLC. The conversion rate to the

compound (V') was 99% or more and the optical purity was
99% ee.

Analytical conditions; Column name: CHIRALPAK AD-
RH (three columns are serially connected), Eluent: acetoni-
trile/20 mM (pHS8) phosphate butler solution=6/4 (v/v), Flow
rate: 0.8 mL/min, Column temperature: 40° C., Retention
time: product of the reaction 11.3 min, enantiomer 12.1 min,
Measured wavelength: 225 nm.

Example 11

Synthesis of (3S*,45%)-3.4-epoxy-3.,4-dihydro-2.,2-
dimethyl-7-nitro-2H-1-benzopyran (Compound (VI),
* Represents a Relative Configuration)

(VD)

(VI')

O,N 0

2,2-Dimethyl-7-nitro-2H-1-benzopyran (0.21 mg, 1.0
mmol) was added to a dichloromethane solution (4 mL) of the
optically active titanium-salalen complex (B) (36 mg, 0.020
mmol) (2.0 mol % to a substrate) at 25° C. While stirring the
reaction solution, 30% hydrogen peroxide aqueous solution
(0.12 g, 1.1 mmol) was added for 2 second. The start time of
addition of 30% hydrogen peroxide aqueous solution was
defined as the reaction start time. The resultant solution was
stirred for 27 hours from the reaction start time at 25° C. After
completion of the reaction, dichloromethane (2 mL) and dis-
tilled water (2 mL) were added to the reaction solution, and
the organic layer was separated. An organic layer which was
extracted from the aqueous layer with dichloromethane (2
ml.) and the separated organic layer were combined, and the
combined layer was condensed to obtain a crude product. The
product was purified by column chromatography to obtain the
compound (VI) in the form of yellowish powder (0.43 g,
yield: 99%, optical purity: 99.4% ee).

Analytical conditions; Column name: CHIRALPAK AD-
RH, Fluent: acetonitrile/20 mM (pHS) phosphate builer solu-
tion=6/4 (v/v), Flow rate: 1.0 mL/min, Column temperature:
40° C., Retention time: product of the reaction 9.2 min, enan-
tiomer 4.9 min, Measured wavelength: 220 nm.

'H-NMR (CDCl,) &:; 1.29 (s, 3H), 1.62 (s, 3H), 3.58 (d.
J=4.4 Hz, 1H),3.97 (d, J=4.4 Hz, 1H), 7.50 (d, J=8.3 Hz, 1H),
7.67 (dd, J=8.3, 2.2 Hz, 1H), 7.80 (d, ]=2.2 Hz, 1H)
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Example 12

Synthesis of (35%,45%)-3 4-epoxy-3,4-dihydro-2,2-
dimethyl-7-nitro-2H-1-benzopyran (Compound (VI),
* Represents a Relative Configuration)

2,2-Dimethyl-7-nitro-2H-1-benzopyran (0.41 g, 2.0
mmol) was added to a dichloromethane solution (6 mL ) of the
optically active titanium-salan complex (F) (48 mg, 0.040
mmol) (2.0 mol % to a substrate) at 25° C. 30% hydrogen
peroxide aqueous solution (0.25 g, 2.2 mmol) was divided
into three equal portions and, while stirring the reaction solu-
tion, the first addition was conducted at 20° C., and after 30
minutes, the second addition was conducted, and after 1 hour,
the third addition was conducted. The time of the first addition
of 30% hydrogen peroxide aqueous solution was defined as
the reaction start time. The resultant solution was stirred for
24 hours from the reaction start time at 20° C. After comple-
tion of the reaction, dichloromethane (5 mL) and distilled
water (5 mL) were added to the reaction solution, and the
organic layer was separated. Organic layers which were
extracted twice from the aqueous layer with dichloromethane
(5 mL and 3 mL) and the separated organic layer were com-
bined, and the combined layer was condensed to obtain a
crude product. The product was purified by column chroma-
tography to obtain the compound (V1) 1n the form of yellow-
1sh crystal (0.44 g, yield: 98%, optical purity: 99.9% ee or
more).

Analytical conditions; Column name: CHIRALPAK AD-
RH (three columns are serially connected), Eluent: acetoni-
trile/20 mM (pHS) phosphate butter solution=6/4 (v/v), Flow
rate: 1.0 mL/min, Column temperature: 40° C., Retention
time: product of the reaction 25.2 min, enantiomer 13.9 min,
Measured wavelength: 220 nm.

"H-NMR (CDCL,) &; 1.29 (s, 3H), 1.61 (s, 3H), 3.60 (d,
J=4.5Hz,1H),3.99 (d, J=4.5Hz, 1H),7.52 (d, J=8.3 Hz, 1H),
7.62 (d, JI=2.1 Hz, 1H), 7.70 (dd, J=8.3, 2.1 Hz, 1H)

Example 13

Synthesis of (3R*,4R*)-3,4-epoxy-3,4-dihydro-2,2-
dimethyl-7-nitro-2H-1-benzopyran (Compound (VI),
* Represents a Relative Configuration)

2,2-Dimethyl-7-nitro-2H-1-benzopyran (0.21 mg, 1.0
mmol) was added to a dichloromethane solution (4 mL) of the
optically active titanium-salalen complex (A) (36 mg, 0.020
mmol) (2.0 mol % to a substrate) at 25° C. While stirring the
reaction solution, 30% hydrogen peroxide aqueous solution
(0.12 g, 1.1 mmol) was added at 25° C. for 2 second. Then, the
reaction solution was continued to stir at 25° C. The start time
of addition of 30% hydrogen peroxide aqueous solution was
defined as the reaction start time. After 24 hours from the
reaction start time, a reaction solution sample was taken. The
reaction conversion rate of the taken sample was analyzed
with HPLC. The conversion rate to the compound (VI') was
99% or more and an optical purity was 99% ce.

Analytical conditions; Column name: CHIRALPAK AD-
RH, Fluent: acetonitrile/20 mM (pHS) phosphate butifer solu-
tion=6/4 (v/v), Flow rate: 1.0 mL/min, Column temperature:
40° C., Retention time: product of the reaction 4.9 min, enan-

tiomer 9.2 min, Measured wavelength: 220 nm.

Example 14

Synthesis of (3R*,4R*)-3,4-epoxy-3,4-dihydro-2,2-
dimethyl-7-nitro-2H-1-benzopyran (Compound
(VI'), * Represents a Relative Configuration)

2,2-Dimethyl-7-nitro-2H-1-benzopyran (0.205 g, 1.0
mmol) was added to a dichloromethane solution (3 mL) of the

10

15

20

25

30

35

40

45

50

55

60

65

102

optically active titanium-salan complex (E) (24 mg, 0.020
mmol) (2.0 mol % to a substrate) at 20° C. 30% hydrogen

peroxide aqueous solution (0.12 g, 1.1 mmol) was divided

into three equal portions and, while stirring the reaction solu-
tion, the first addition was conducted at 20° C., and after 30

minutes, the second addition was conducted, and after 1 hour,
the third addition was conducted. The time of the first addition

of 30% hydrogen peroxide aqueous solution was defined as

the reaction start time. After stirring the solution for 24 hours
from the reaction start time at 20° C., a reaction solution
sample was taken. The reaction conversion rate of the taken
sample was analyzed with HPLC. The conversion rate to the

compound (VI') was 99% or more and an optical purity was
99% ee.

Analytical conditions; Column name: CHIRALPAK AD-
RH (three columns are serially connected), Eluent: acetoni-
trile/20 mM (pHS8) phosphate butier solution=6/4 (v/v), Flow
rate: 1.0 mL/min, Column temperature: 40° C., Retention
time: product of the reaction 13.9 min, enantiomer 25.2 min,
Measured wavelength: 220 nm.

Example 15

Synthesis of (35*,45%)-3 4-epoxy-6-tluoro-3,4-dihy-
dro-2,2-dimethyl-8-nitro-2H-1-benzopyran (Com-
pound (VII), * Represents a Relative Configuration)

(VII)

(VIT)

NO,

6-Fluoro-2,2-dimethyl-8-nitro-2H-1-benzopyran (0.23 g,
1.0 mmol)was added to a dichloromethane solution (4 mL) of
the optically active titanium-salalen complex (B) (37 mg,
0.021 mmol) (2.0 mol % to a substrate) at 25° C. While
stirring the reaction solution, 30% hydrogen peroxide aque-
ous solution (0.12 g, 1.1 mmol) was added at 25° C. for 2
second. The start time of the addition of 30% hydrogen per-
oxide aqueous solution was defined as the reaction start time.
The resultant solution was stirred for 29 hours from the reac-
tion start time at 23° C. After completion of the reaction,
dichloromethane (2 mL) and distilled water (2 mL) were
added to the reaction solution, and the organic layer was
separated. An organic layer which was extracted from the
aqueous layer with dichloromethane (2 mL) and the separated
organic layer were combined, and the combined layer was
condensed to obtain a crude product. The product was puri-
fied by column chromatography to obtain the compound
(VII) 1n the form of yellowish powder (0.23 g, vield: 94%,

optical purity: 99.9% ee or more).
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Analytical conditions; Column name: CHIRALPAK AD-
RH (three columns are serially connected), Eluent: acetoni-
trile/20 mM (pHS) phosphate butier solution=6/4 (v/v), Flow
rate: 0.5 mL/min, Column temperature: 40° C., Retention
time: product of the reaction 17.4 min, enantiomer 18.1 min,
Measured wavelength: 220 nm.

"H-NMR (CDCL,) §; 1.33 (s, 3H), 1.64 (s, 3H), 3.57 (d,
I=4.4Hz,1H),3.94 (d,J=4.4 Hz, 1H), 7.35 (dd, J=4.4, 7.1 Hz,
1H), 7.56 (dd, J=4.4, 7.9 Hz, 1H)

Example 16
Synthesis of (35%,45%)-3 4-epoxy-6-tluoro-3,4-dihy-

dro-2,2-dimethyl-8-nitro-2H-1-benzopyran (Com-
pound (VII), * Represents a Relative Configuration)

(44)

Titanium tetraisopropoxide, (11(O1-Pr),), (11 mg, 0.040
mmol) was added to a dichloromethane solution (1.7 mL) of
the salan ligand (43 mg, 0.080 mmol) (4.0 mol % to a sub-
strate) represented by the formula (44') at 25° C. After 1 hour
stirring at 20° C., 6-fluoro-2,2-dimethyl-8-nitro-2H-1-ben-
zopyran (0.446 g, 2.0 mmol) was added to the solution. 30%
hydrogen peroxide aqueous solution (0.25 g, 2.2 mmol) was
divided into three equal portions and, while stirring the reac-
tion solution, the first addition was conducted at 20° C., and
after 30 minutes, the second addition was conducted, and
after 1 hour, the third addition was conducted. The time of the
first addition of 30% hydrogen peroxide aqueous solution
was defined as the reaction start time. The resultant solution
was stirred for 40 hours from the reaction start time at 20° C.
After completion of the reaction, dichloromethane (5 mL)
and distilled water (5 mL) were added to the reaction solution,
and the organic layer was separated. Organic layers which
were extracted twice from the aqueous layer with dichlo-
romethane (5 mL and 3 mL) and the separated organic layer
were combined, and the combined layer was condensed to
obtain a crude product. The product was purified by column
chromatography to obtain the compound (VII) in the form of
yellowish o1l (0.43 g, vield: 90%, optical purity: 99.9% ee or
more).

Analytical conditions; Column name: CHIRALPAK AD-
RH (three columns are serially connected), Eluent: acetoni-

trile/20 mM (pHS) phosphate butler solution=6/4 (v/v), Flow
rate: 0.5 mL/min, Column temperature: 40° C., Retention
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time: product of the reaction 16.8 min, enantiomer 17.3 min,
Measured wavelength: 220 nm.

'H-NMR (CDCl,) 8; 1.33 (s, 3H), 1.63 (s, 3H), 3.60 (d,
J=4.5Hz, 1H),3.98 (d, J=4.5 Hz, 1H), 7.38 (dd, J=3.0, 7.4 Hz,
1H), 7.54 (dd, J=3.0, 7.4 Hz, 1H)

Example 17

Synthesis of (3R*,4R*)-3.4-epoxy-6-tluoro-3,4-di-
hydro-2,2-dimethyl-8-nitro-2H-1-benzopyran (Com-
pound (VII'), * Represents a Relative Configuration)

6-Fluoro-2,2-dimethyl-8-nitro-2H-1-benzopyran (0.23 g,

1.0 mmol)was added to a dichloromethane solution (4 mL) of
the optically active titanium-salalen complex (A) (37 mg,
0.021 mmol) (2.0 mol % to a substrate) at 25° C. While
stirring the reaction solution, 30% hydrogen peroxide aque-
ous solution (0.12 g, 1.1 mmol) was added at 25° C. for 2
second. The start time of the addition of 30% hydrogen per-
oxide aqueous solution was defined as the reaction start time.

After 3 hours from the reaction start time, a reaction solution
sample was taken. The reaction conversion rate of the taken
sample was analyzed with HPLC. The conversion rate to the
compound (VII') was 76% and an optical purity was 99% ee.

Analytical conditions; Column name: CHIRALPAK AD-
RH (three columns are serially connected), Fluent: acetoni-
trile/20 mM (pHS) phosphate butier solution=6/4 (v/v), Flow

rate: 0.5 mL/min, Column temperature: 40° C., Retention
time: product of the reaction 18.1 min, enantiomer 17.4 min,
Measured wavelength: 220 nm.

Example 18

Synthesis of (3R*,4R*)-3.4-epoxy-6-tluoro-3,4-di-
hydro-2,2-dimethyl-8-nitro-2H-1-benzopyran (Com-
pound (VII'), * Represents a Relative Configuration)

6-Fluoro-2,2-dimethyl-8-nitro-2H-1-benzopyran (0.23 g,
1.0 mmol)was added to a dichloromethane solution (3 mL) of
the optically active titanium-salan complex (E) (24 mg, 0.020
mmol) (2.0 mol % to a substrate) at 20° C. 30% hydrogen
peroxide aqueous solution (0.12 g, 1.1 mmol) was divided
into three equal portions and, while stirring the reaction solu-
tion, the first addition was conducted at 20° C., and after 30
minutes, the second addition was conducted, and after 1 hour,
the third addition was conducted. The time of the first addition
of 30% hydrogen peroxide aqueous solution was defined as
the reaction start time. After stirring the solution for 24 hours
from the reaction start time at 20° C., a reaction solution
sample was taken. The reaction conversion rate of the taken
sample was analyzed with HPLC. The conversion rate to the
compound (VII') was 96% and an optical purity was 99% ee¢
or more. Analytical conditions; Column name: CHIRALPAK
AD-RH (three columns are serially connected), Fluent:
acetonitrile/20 mM (pHS8) phosphate butler solution=6/4
(v/v), Flow rate: 0.5 mL/min, Column temperature: 40° C.,
Retention time: product of the reaction 17.3 min, enantiomer
16.8 min, Measured wavelength: 220 nm.
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Example 19

Synthesis of (3R*,4R*)-(3,4-epoxy-2,2,9-trimethyl-

3.,4-dihydro-2H-pyrano(2,3-g)quinolin-7-yl)-methyl

acetate (Compound (VIII'), * Represents a Relative
Configuration)

(VIIT)

or

(VIII)
4R 2O

3K*
‘ CHs;

(2,2,9-Trimethyl-2H-pyrano(2,3-g)quinolin-7-yl)-methyl
acetate (0.61 g, 2.1 mmol) was added to a dichloromethane
solution (3 mL) of the optically active titammum-salalen com-
plex (A) (71 mg, 0.040 mmol) (1.9 mol % to a substrate) at
28° C. While stirring the reaction solution, 7.5% hydrogen
peroxide aqueous solution (1.4 g, 3.1 mmol) was added at 28°
C. for 10 hours. The start time of addition of 7.5% hydrogen

peroxide aqueous solution was defined as the reaction start

time. After 12 hours from the reaction start time, additional
7.5% hydrogen peroxide aqueous solution (0.1 g, 0.2 mmol)
was added at 28° C., and then the resultant solution was
stirred at 28° C. for 14 hours after the reaction start time. After
completion of the reaction, dichloromethane (6 mL) and dis-

tilled water (6 mL) were added to the reaction solution, and
the organic layer was separated. An organic layer which was
extracted from the aqueous layer with dichloromethane (6
ml.) and the separated organic layer were combined, and the

combined layer was condensed to obtain a crude product. The

product was purified by column chromatography to obtain the
compound (VIII") 1in the form of yellowish o1l (0.65 g, yield:
99%, optical purity: 99.9% ee or more).

Analytical conditions; Column name: CHIRALPAK AD-
RH, Fluent: acetonitrile/20 mM (pHS) phosphate buifer solu-
tion=6/4 (v/v), Flow rate: 1.0 mL/min, Column temperature:

40° C., Retention time: product of the reaction 3.9 min, enan-
tiomer 9.3 min, Measured wavelength: 254 nm.

'H-NMR (CDCL,) &; 1.30 (s, 3H), 1.65 (s, 3H), 2.19 (s,
3H), 2.62 (d, J=0.8 Hz, 3H), 3.61 (d, J=4.4 Hz, 1H), 4.15 (d,
J=4.4 Hz, 1H), 5.30 (s, 2H), 7.26 (s, 1H), 7.32 (s, 1H), 8.10 (s,
1H)
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Example 20

Synthesis of (35%,45%)-(3,4-epoxy-2,2,9-trimethyl-3,
4-dihydro-2H-pyrano(2,3-g)quinolin-7-yl)-methyl
acetate (Compound (VIII), * Represents a Relative

Configuration)

(2,2,9-Trimethyl-2H-pyrano(2,3-g)quinolin-7-yl)-methyl
acetate (34.2 mg, 0.12 mmol) was added to a dichlo-
romethane solution (1.2 mL) of the optically active titanium-

salan complex (D) (6.2 mg, 0.006 mmol) (5.0 mol % to a
substrate) at 28° C. While stirring the reaction solution, 30%
hydrogen peroxide aqueous solution (8.5 mg, 0.075 mmol)
was added at 28° C. for 1 second. The start time of addition of
30% hydrogen peroxide aqueous solution was defined as the
reaction start time. After 20 minutes from the reaction start
time, additional 30% hydrogen peroxide aqueous solution
(8.5 mg, 0.075 mmol) was added for 1 second at 28° C. The
resultant solution was continued to stir at 28° C., and, after 3
hours, a reaction solution sample was taken. The reaction
conversion rate of the taken sample was analyzed with HPLC.
The conversion rate to the compound (VIII) was 80% and the
optical purity was 99% ce.

Analytical conditions; Column name: CHIRALPAK AD-
RH, Eluent: acetonitrile/20 mM (pHS) phosphate butler solu-
tion=6/4 (v/v), Flow rate: 1.0 mL/min, Column temperature:
40° C., Retention time: product of the reaction 10.2 min,
cnantiomer 4.1 min, Measured wavelength: 254 nm

Example 21

Synthesis of (3R*,4R*)-(3,4-epoxy-2,2,9-trimethyl-

3,4-dihydro-2H-pyrano(2,3-g)quinolin-7-yl)-methyl

acetate (Compound (VIII'), * Represents a Relative
Configuration)

(2,2,9-Trimethyl-2H-pyrano(2,3-g)quinolin-7-yl)-methyl
acetate (0.595 g, 2.0 mmol) was added to a dichloromethane
solution (4 mL) of the optically active titantum-salan com-
plex (E) (48 mg, 0.040 mmol) (2.0 mol % to a substrate) at 20°
C. 30% hydrogen peroxide aqueous solution (0.34 g, 3.0
mmol) was divided into three equal portions and, while stir-
ring the reaction solution, the first addition was conducted at
20° C., and after 30 minutes, the second addition was con-
ducted, and after 1 hour, the third addition was conducted.
The time of the first addition of 30% hydrogen peroxide
aqueous solution was defined as the reaction start time. The
resultant solution was stirred for 24 hours after the reaction
start time at 20° C. After completion of the reaction, dichlo-
romethane (5 mL) and distilled water (5 mL) were added to
the reaction solution, and the organic layer was separated.
Organic layers which were extracted twice from the aqueous
layer with dichloromethane (5 mL and 3 mL) and the sepa-
rated organic layer were combined, and the combined layer
was condensed to obtain a crude product. The product was
purified by column chromatography to obtain the compound
(VIII") 1n the form of yellowish powder (0.61 g, yield: 97%,
optical purity: 99.3% ee).

Analytical conditions; Column name: CHIRALPAK AD-
RH (three columns are serially connected), Fluent: acetoni-
trile/20 mM (pHS) phosphate butier solution=6/4 (v/v), Flow
rate: 1.0 mL/min, Column temperature: 40° C., Retention
time: product of the reaction 11.2 min, enantiomer 26.6 min,
Measured wavelength: 320 nm.

"H-NMR (CDCl,) &; 1.30 (s, 3H), 1.65 (s, 3H), 2.19 (s, d.,
J=1.9 Hz, 3H), 2.60 (s, 3H), 3.60 (dd, J=4.5 Hz, 1.9 Hz, 1H),
4.14(d,J=4.5Hz,1H),5.30(s,2H),7.25 (s, 1H),7.31 (s, 1H),
8.10 (s, 1H)
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Example 22

Synthesis of (35*,45%)-7-chloro-3,4-epoxy-2,2,9-
trimethyl-3,4-dihydro-2H-pyrano(2.3-g)quinoline
(Compound (IX), * Represents a Relative Configura-
tion)

(IX)

Cl

(IX)
1R+ U

Cl N

\/\‘

AR
CH;

CH;

R
\r\/\o

7-Chloro-2,2,9-trimethyl-2H-pyrano(2,3-g)quinoline

(0.26 g, 1.0 mmol) was added to a dichloromethane solution
(2 mL) of the optically active titanium-salan complex (F)
(120 mg, 0.10 mmol) (10 mol % to a substrate) at 20° C. 30%
hydrogen peroxide aqueous solution (0.17 g, 1.5 mmol) was
divided into three equal portions and, while stirring the reac-
tion solution, the first addition was conducted at 20° C., and
after 30 minutes, the second addition was conducted, and
after 1 hour, the third addition was conducted. The time of the
first addition of 30% hydrogen peroxide aqueous solution
was defined as the reaction start time. The resultant solution

was stirred for 26 hours from the reaction start time at 20° C.

After completion of the reaction, dichloromethane (5 mL)
and distilled water (5 mL) were added to the reaction solution,
and the organic layer was separated. Organic layers which
were extracted twice from the aqueous layer with dichlo-
romethane (5 mL and 3 mL) and the separated organic layer
were combined, and the combined layer was condensed to
obtain a crude product. The product was purified by column
chromatography to obtain the compound (IX) 1n the form of
faintly vellowish powder (0.21 g, yield: 77%, optical purity:

99.9% ee or more).

Analytical conditions; Column name: CHIRALPAK AD-

RH (three columns are serially connected), Eluent: acetoni-
trile/20 mM (pHS) phosphate butier solution=6/4 (v/v), Flow
rate: 1.0 mL/min, Column temperature: 40° C., Retention

time: product of the reaction 42.1 min, enantiomer 21.7 min,
Measured wavelength: 220 nm.

'H-NMR (CDCl,) &; 1.30 (s, 3H), 1.64 (s, 3H), 2.56 (s,
3H), 3.61 (d, J=4.2 Hz, 1H), 4.13 (d, J=4.2 Hz, 1H), 7.15 (s,
1H), 7.27 (s, 1H), 8.00 (s, 1H)
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Example 23

Synthesis of (3R*,4R*)-7-chloro-3,4-epoxy-2,2,9-

trimethyl-3,4-dihydro-2H-pyrano(2,3-g)quinoline

(Compound (IX'"), * Represents a Relative Configu-

ration)

(44)

MeO

Titanium tetraisopropoxide, (11(O1-Pr),), (2.8 mg, 0.010
mmol) was added to a dichloromethane solution (0.5 mL) of
the salan ligand (27 mg, 0.050 mmol) (10 mol % to a sub-
strate) represented by the formula (44) at 20° C. After 1 hour
string at 20° C., 7-chloro-2,2,9-trimethyl-2H-pyrano(2,3-g)
quinoline (0.130 g, 0.50 mmol) and dichloromethane (1 mL)

were added to the solution. 30% hydrogen peroxide aqueous

solution (0.085 g, 0.75 mmol) was divided into three equal
portions and, while stirring the reaction solution, the first
addition was conducted at 20° C., and after 30 minutes, the
second addition was conducted, and after 1 hour, the third
addition was conducted. The time of the first addition of 30%

hydrogen peroxide aqueous solution was defined as the reac-

tion start time. After stirring the solution for 45 hours from the
reaction start time at 20° C., a reaction solution sample was
taken. The reaction conversion rate of the taken sample was
analyzed with HPLC. The conversion rate to the compound

(IX') was 99% or more and an optical purity was 99% ee.

Analytical conditions; Column name: CHIRALPAK AD-
RH (three columns are serially connected), Eluent: acetoni-
trile/20 mM (pHS) phosphate butier solution=6/4 (v/v), Flow
rate: 1.0 mL/min, Column temperature: 40° C., Retention
time: product of the reaction 21.7 min, enantiomer 42.1 min,

Measured wavelength: 220 nm.



US 8,394,974 B2

109

Example 24

Synthesis of (35%,45%)-3 4-epoxy-3,4-dihydro-2,2-
dimethyl-7-dimethanesulionylamino-6-methoxy-2H-
1-benzopyran (Compound (X), * Represents a Rela-

tive Configuration)

(X)
or
(X)
4R+ 40
O
e AN 3R
‘ CH.,
Ms
\.IiJ F \O CH,
Ms

2,2-Dimethyl-7-dimethanesulfonylamino-6-methoxy-2H-
1-benzopyran (0.18 g, 0.50 mmol) was added to a dichlo-
romethane solution (1 mL) of the optically active titantum-
salan complex (F) (12 mg, 0.010 mmol) (2.0 mol % to a
substrate) at 20° C. 30% hydrogen peroxide aqueous solution
(0.085 g, 0.75 mmol) was divided into three equal portions
and, while stirring the reaction solution, the first addition was
conducted at 20° C., and after 30 minutes, the second addition
was conducted, and after 1 hour, the third addition was con-
ducted. The time of the first addition of 30% hydrogen per-

oxide aqueous solution was defined as the reaction start time.
After the resultant solution was stirred for 30 hours from the
reaction start time at 20° C., dichloromethane (2 mL) and
distilled water (2 mL ) were added to the reaction solution, and
the organic layer was separated. Organic layers which were
extracted twice from the aqueous layer with dichloromethane
(2 mL and 1 mL) and the separated organic layer were com-
bined, and the combined layer was condensed to obtain a
crude product. The product was purified by column chroma-
tography to obtain the compound (X) 1n the form of white
powder (0.18 g, yield: 97.5%, optical purity: 99% ee).

Analytical conditions; Column name: CHIRALPAK AD-
RH (three columns are serially connected), Eluent: acetoni-
trile/20 mM (pHS8) phosphate butler solution=3/7 (v/v), Flow
rate: 1.0 mL/min, Column temperature: 40° C., Retention
time: product of the reaction 19.8 min, enantiomer 18.6 min,
Measured wavelength: 320 nm.

"H-NMR (CDCL,) &; 1.26 (s, 3H), 1.55 (s, 3H), 3.35 (s,
3H),3.42(s,3H),3.49(d,J=4.5Hz, 1H),3.88 (s,3H),3.88 (d,
J=4.5 Hz, 1H), 6.77 (s, 1H), 7.00 (s, 1H)

Example 25

Synthesis of (3R*,4R*)-3,4-epoxy-3,4-dihydro-2,2-

dimethyl-7-dimethanesulfonylamino-6-methoxy-2H-

1-benzopyran (Compound (X'"), * Represents a Rela-
tive Configuration)

2,2-Dimethyl-7-dimethanesulfonylamino-6-methoxy-2H-
1-benzopyran (72 mg, 0.20 mmol) was added to a dichlo-
romethane solution (1 mL) of the optically active titantum-

5

10

15

20

25

30

35

40

45

50

55

60

65

110

salan complex (E) (12 mg, 0.010 mmol) (2.0 mol % to a
substrate) at 20° C. 30% hydrogen peroxide aqueous solution
(0.034 g, 0.30 mmol) was divided into three equal portions
and, while stirring the reaction solution, the first addition was
conducted at 20° C., and after 30 minutes, the second addition
was conducted, and after 1 hour, the third addition was con-
ducted. The time of the first addition of 30% hydrogen per-
oxide aqueous solution was defined as the reaction start time.
After the solution was stirred for 48 hours from the reaction
start time at 20° C., a reaction solution sample was taken. The
reaction conversion rate of the taken sample was analyzed
with HPLC. The conversion rate to the compound (X') was

99% and an optical purity was 99% ee.
Analytical conditions; Column name: CHIRALPAK AD-

RH (three columns are serially connected), Eluent: acetoni-
trile/20 mM (pHS) phosphate butier solution=3/7 (v/v), Flow
rate: 1.0 mL/min, Column temperature: 40° C., Retention
time: product of the reaction 18.5 min, enantiomer 20.0 min,
Measured wavelength: 320 nm.

Example 26

Synthesis of (3S*,45%)-3.4-epoxy-3,4-dihydro-2,2-
dimethyl-7-dimethanesulfonylamino-6-methoxy-2H-
1-benzopyran (Compound (X), * Represents a Rela-
tive Configuration)

2,2-Dimethyl-7-dimethanesulfonylamino-6-methoxy-2H-
1-benzopyran (72 mg, 0.20 mmol) was added to a dichlo-
romethane solution (0.5 mL) of the optically active titanium-
salalen complex (C) (16 mg, 0.010 mmol) (2.0 mol % to a
substrate) at 20° C. 30% hydrogen peroxide aqueous solution
(0.034 g, 0.30 mmol) was divided into three equal portions
and, while stirring the reaction solution, the first addition was
conducted at 20° C., and after 30 minutes, the second addition
was conducted, and after 1 hour, the third addition was con-
ducted. The time of the first addition of 30% hydrogen per-
oxide aqueous solution was defined as the reaction start time.
After the solution was stirred for 24 hours from the reaction
start time at 20° C., a reaction solution sample was taken. The
reaction conversion rate of the taken sample was analyzed
with HPLC. The conversion rate to the compound (X) was

83% and the optical purity was 99% ee.

Analytical conditions; Column name: CHIRALPAK AD-
RH (three columns are serially connected), Eluent: acetoni-
trile/20 mM (pHS) phosphate butler solution=3/7 (v/v), Flow
rate: 1.0 mL/min, Column temperature: 40° C., Retention
time: product of the reaction 19.8 min, enantiomer 18.6 min,
Measured wavelength: 320 nm.

INDUSTRIAL APPLICABILITY

According to the present invention, an optically active
chromeneoxide compound having high optical purity o1 99%
¢e or more can be obtained in high yield of 90% or more
without a separation operation for optical resolution of a
target compound, and this compound can be suificiently used
for an important imntermediate for a benzopyran compound
being effective 1n the treatment of arrhythmia. Therefore, the
present invention 1s industrially usetul.

The invention claimed 1s:
1. A process for producing an optically active chromene
oxide compound represented by formula (14), formula (15),

tormula (16) or formula (17):
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(14)
RS
NN
\ ¥
R?/\K\O Rlﬂ
RS

(15)

(16)

(17)

W 0O
-«*\/\ N
\ .
Y
adl \“X/\/\o R1

(wherein R>, R°, R’, R*>, R”, R'®, A, W, X, Y and Z are the
same as described below and an absolute configuration
of the carbon atoms indicated by * are (R) or (S)), the
process comprising:

asymmetrically epoxidizing a chromene compound repre-
sented by formula (10), formula (11), formula (12) or
formula (13) with an oxidizing agent in a solvent;

RS
Rﬁ
N
\ ¢
RT/ / O RIU
RS
X
R
= O R

(10)

(11)

AN
]
OF
2 P N
‘ /j<
\/\O R10

W
‘\\ AN
R9
Z/Y\X = O R10

(wherein R°, R® R’ and R® in the formula (10) each inde-
pendently represent a hydrogen atom, cyano group, nitro
group, halogen atom, C,_, alkyl group (the alkyl group
may be optionally substituted with a halogen atom,
hydroxy group, cyano group, nitro group, C,_, alkoxy
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group, C, _, alkylcarbonyloxy group, C,_, alkylcarbony-
lamino group or C, _, alkoxycarbonyl group (the alkoxy
group, alkylcarbonyloxy group, alkylcarbonylamino
group and alkoxycarbonyl group may be optionally sub-
stituted with a halogen atom)), C,_, alkoxy group (the
alkoxy group may be optionally substituted with a halo-
gen atom, hydroxy group, cyano group, nitro group, C, _,
alkoxy group, C,_, alkylcarbonyloxy group, C,_, alkyl-
carbonylamino group or C, _, alkoxycarbonyl group (the
alkoxy group, alkylcarbonyloxy group, alkylcarbony-
lamino group and alkoxycarbonyl group may be option-
ally substituted with a halogen atom)), C, _, alkylcarbo-
nylamino group (the alkylcarbonylamino group may be
optionally substituted with a halogen atom, C_,, aryl
group (the C,_,, aryl group may be optionally substi-
tuted with a halogen atom, hydroxy group, cyano group,
nitro group, C,_, alkyl group or C, _, alkoxy group)),C, 4
alkylcarbonyl(N—C, _, alkyl)amino group (the alkyl-
carbonyl(N-alkyl)amino group may be optionally sub-
stituted with a halogen atom), C,_, alkoxycarbonyl
group (the alkoxycarbonyl group may be optionally sub-
stituted with a halogen atom), C._,, arylcarbonylamino
group (the arylcarbonylamino group may be substituted
with a halogen atom, C,_, alkyl group, C,_, alkoxy
group, cyano group or nitro group), C._,, arylcarbonyl
(N—C, _, alkyl)amino group (the arylcarbonyl(N-alkyl)
amino group may be substituted with a halogen atom,
C,_salkyl group, C, _, alkoxy group, cyano group or nitro
group ), benzylcarbonylamino group, formyl group, car-
bamoyl group, C, _, alkylsulfonyl group, C,_,, arylsul-
fony group (the alkylsulfonyl group and arylsulfony
group may be substituted with a halogen atom, C, _, alkyl
group, C,_, alkoxy group, cyano group or nitro group),
sulfamoyl group, C,_, alkylsulfonamide group, C._,,
arylsulfonamide group (the alkylsulfonamide group and
arylsulfonamide group may be substituted with a halo-
gen atom, C,_, alkyl group, C,_, alkoxy group, cyano
group or nitro group ), bis(C, _, alkylsulfone)imide group
(alkylsulione of the bis(alkylsulfone)imide group may
be substituted with a halogen atom, C,_, alkyl group,
C,_, alkoxy group, cyano group or nitro group), bis
(Cs_,o arylsultfone)imide group (arylsultone of the bis
(arylsulfone)imide group may be substituted with a
halogen atom, C,_, alkyl group, C,_, alkoxy group,
cyano group or nitro group), or (N,N'-(C,_, alkylsul-
fone) (C,_,, arylsulfone))imide group (alkylsulfone and
arylsulfone of the (N,N'-(alkylsulione) (arylsulione))
imide group may be substituted with a halogen atom,
C,_salkyl group, C,_, alkoxy group, cyano group ornitro
group):;

R” and R"° in the formula (10) each independently repre-
sent a hydrogen atom, C, _, alkyl group (the alkyl group
may be optionally substituted with a halogen atom, C, _
alkoxy group (the alkoxy group may be optionally sub-
stituted with a halogen atom) or hydroxy group)orC_, 4
aryl group (the aryl group may be optionally substituted
with a halogen atom, hydroxy group, nitro group, cvano
group, C,_. alkyl group (the alkyl group may be option-
ally substituted with a halogen atom, C, _, alkoxy group
(the alkoxy group may be optionally substituted with a
halogen atom) or hydroxy group) or C, _. alkoxy group
(the alkoxy group may be optionally substituted with a
halogen atom));

R” and R' in the formula (11) and formula (12) each
independently represent a hydrogen atom, C,_. alkyl
group (the alkyl group may be optionally substituted
with a halogen atom, C,_ alkoxy group (the alkoxy
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group may be optionally substituted with a halogen
atom) or hydroxy group), or C_,, aryl group (the aryl
group may be optionally substituted with a halogen
atom, hydroxy group, nitro group, cyano group, C, .
alkyl group (the alkyl group may be optionally substi-
tuted with a halogen atom, C, _. alkoxy group (the alkoxy
group may be optionally substituted with a halogen
atom) or hydroxy group) or C,_ alkoxy group (the
alkoxy group may be optionally substituted with a halo-
gen atom));

partial ring structure A in the formula (11) and formula (12)

represents a partial structure being represented by 5-, 6-
or 7-membered ring forming a fused ring with benzene
ring part (each of the 3-, 6- and 7-membered rings may
be optionally substituted with h R'" (R"" is a halogen
atom, hydroxy group, C, _, alkyl group (the alkyl group
may be optionally substituted with a halogen atom,
hydroxy group, cyano group, amino group, nitro group,
C,_, alkoxy group, C,_, alkylcarbonyloxy group, C,_,
alkylcarbonylamino group or C,_, alkoxycarbonyl
group (the alkoxy group, alkylcarbonyloxy group, alky-
lcarbonylamino group and alkoxycarbonyl group may
be optionally substituted with a halogen atom)), C,
alkoxy group (the alkoxy group may be optionally sub-
stituted with a halogen atom, hydroxy group, cyano
group, amino group, nitro group, C,_, alkoxy group,
C,_, alkylcarbonyloxy group, C, _, alkylcarbonylamino
group or C, _, alkoxycarbonyl group (the alkoxy group,
alkylcarbonyloxy group, alkylcarbonylamino group and
alkoxycarbonyl group may be optionally substituted
with a halogen atom)), mitro group, cyano group, formyl
group, formamide group, carbamoyl group, sulfo group,
sulfoamino group, sulfamoyl group, sulfonyl group,
amino group, carboxyl group, C, . alkylamino group,
di-C, . alkylamino group, C,_. alkylcarbonylamino
group, C, _. alkylsulfonamide group, C._,, arylsulfona-
mide group, C,_ . alkylaminocarbonyl group, di-C,
alkylaminocarbonyl group, C,_. alkylcarbonyl group,
C,_ alkoxycarbonyl group, C,_, alkylsulfonyl group,
Cq. 4 arylsultonyl group, or C._,, arylcarbonyl group
(the alkylamino group, dialkylamino group, alkylcarbo-
nylamino group, alkylsulfonamide group, arylsulifona-
mide group, alkylaminocarbonyl group, dialkylami-
nocarbonyl group, alkylcarbonyl group, alkoxycarbonyl
group, alkylsulfonyl group, arylsulfonyl group, and
arylcarbonyl group may be optionally substituted with a
halogen atom); h 1s an integer o1 1 to 6 and when h 1s an
integer of 2 to 6, each R*" may be the same or different);
1 to 3 of oxygen atom(s), nitrogen atom(s) or sulfur
atom(s) can be contained singly or in combination as
constituent atoms of the ring; the number of unsaturated
bond(s) in the ring containing unsaturated bond(s) in
benzene ring condensed 1s 1, 2 or 3 and carbon atom(s)
composing the ring may be carbonyl or thiocarbonyl);
X in the formula (13) represents NR*° (R*” means a hydro-
gen atom or C, _, alkyl group);

Y 1n the formula (13) represents a bond, SO or SO,;
7. 1n the formula (13) represents a C,_, alkyl group (the

alkyl group may be optionally substituted with 1 to 5
halogen atom(s) or a phenyl group (the phenyl group
may be optionally substituted with a C, _, alkyl group))
or phenyl group (the phenyl group may be optionally
substituted with a C, _, alkyl group);

W inthe formula (13) represents a hydrogen atom, hydroxy

group, C,_ alkoxy group (the alkoxy group may be
optionally substituted with a halogen atom), halogen

atom, C, _, alkyl group or C, _, alkylsulfonamide group
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(the alkyl group and alkylsulfonamide group may be
optionally substituted with a halogen atom); and

R” and R"” in the formula (13) each independently repre-

sent a hydrogen atom, C, _, alkyl group (the alkyl group
may be optionally substituted with a halogen atom, C,
alkoxy group (the alkoxy group may be optionally sub-
stituted with a halogen atom), or hydroxy group), or
Ce_ 14 aryl group (the aryl group may be optionally sub-
stituted with a halogen atom, hydroxy group, nitro
group, cyano group, C,_. alkyl group (the alkyl group
may be optionally substituted with a halogen atom or
C,_, alkoxy group (the alkoxy group may be optionally
substituted with a halogen atom) or hydroxy group) or
C,_¢ alkoxy group (the alkoxy group may be optionally
substituted with a halogen atom)));

by using any of optically active titamium complexes repre-

sented by the formula (1), formula (1'), formula (2),

formula (2'), formula (3), formula (3'), formula (4) and
formula (4') as a catalyst,

(1)

1)

(2)

(2')
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-continued

(3)

R3

116

R* each independently represent a hydrogen atom, halogen

atom, C, _, alkyl group, C, _, alkoxy group, nitro group or
cyano group;

M represents TiJ'J* (in TiJ'J?, Ti represents a titanium

5
N
N 5

(4)

30

35

50

wherein R' in the formula (1), formula (1), formula (2),
formula (2'), formula (3), formula (3'), formula (4) and
formula (4') represents a hydrogen atom, halogen atom,
C,_, alkyl group, C,_, alkoxy group, C._,, aryloxy ss
group, or C._,- aryl group (the aryl group may be option-
ally substituted with a C, _, alkyl group (the alkyl group
may be optionally substituted with a halogen atom), C, _,
alkoxy group or benzyloxy group, and 1s optically active
or optically non-active);

60

R” represents a hydrogen atom, halogen atom, C,_, alkyl
group, C,_, alkoxy group, C_,, aryloxy group, or C,_, <
aryl group; "

R” represents a C, _, alkyl group, C,._, 4 aryl group, or C,_.
bivalent group when two R form a ring together;

atom, and J' and J* each independently represent a halo-
gen atom or C,_, alkoxide, or J' and J* are bonded

together to represent an oxygen atom, or J "and J* are
bonded together to form a ring represented by the for-
mula (5) of bivalent group,

()

(wherein, 1n partial structure of O-E-O, O represents an

oxygen atom and O-E-O 1s represented by following
formula (6) mn formula (1); O-E-O 1s represented by
following formula (6') in formula (1'); O-E-O 1s repre-
sented by following formula (7) 1n formula (2); O-E-O1s
represented by following formula (7') in formula (2');
O-E-O 1s represented by following formula (8) 1n for-
mula (3); O-E-O 1s represented by following formula
(8') n formula (3'); O-E-O 1s represented by following
formula (9) in formula (4); and O-E-O 1s represented by
following formula (9') 1n formula (4"); and

(6)

(6')

(7)
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-continued

7."
. . (7')

-
-
-
-
-

/7NH

RZEQ_%—O 04<=>\R4 R
¢ ¢ (8)
'
_/
% o ol \
(//\\ / _w

(8

b represents an integer of 1 to 10; and R", R*, R” and R* are

the same as described above)).

2. The process for producing an optically active chromene
oxide compound according to claim 1, wherein the chromene
compound represented by the formula (10) 1s asymmetrically
epoxidized 1n a solvent with oxidizing reagent by using an
optically active titantum complex represented by any of the
formula (1), formula (1'), formula (2), formula (2'), formula
(3), formula (3"), formula (4) and formula (4") as a catalyst;

wherein R” and R° in the formula (10) each independently

represent a hydrogen atom, cyano group, nitro group,
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halogen atom, C, _, alkyl group (the alkyl group may be
optionally substituted with a halogen atom, hydroxy
group, cyano group, nitro group, C, _, alkoxy group, C, _,
alkylcarbonyloxy group, C,_, alkylcarbonylamino
group or C, _, alkoxycarbonyl group (the alkoxy group,
alkylcarbonyloxy group, alkylcarbonylamino group and
alkoxycarbonyl group may be optionally substituted
with a halogen atom)), C,_, alkoxy group (the alkoxy
group may be optionally substituted with a halogen
atom, hydroxy group, cyano group, nitro group, C, _,
alkoxy group, C, _, alkylcarbonyloxy group, C,_, alkyl-
carbonylamino group or C, _, alkoxycarbonyl group (the
alkoxy group, alkylcarbonyloxy group, alkylcarbony-
lamino group and alkoxycarbonyl group may be option-
ally substituted with a halogen atom)), C, _, alkylcarbo-
nylamino group (the alkylcarbonylamino group may be
optionally substituted with a halogen atom), C, _, alkyl-
carbonyl(N—C, _, alkyl)amino group (the alkylcarbonyl

(N-alkyl)amino group may be optionally substituted
with a halogen atom), C_, , arylcarbonyl(N—C, _, alky-
Damino group (the arylcarbonyl(N-alkyl)amino group
may be substituted with a halogen atom, C,_, alkyl
group, C,_, alkoxy group, cyano group or nitro group),
carbamoyl group, bis(C,_, alkylsulione)imide group
(alkylsulfone of the bis (alkylsulfone)imide group may
be substituted with a halogen atom, C,_, alkyl group.,
C,_, alkoxy group, cyano group or nitro group), bis
(Ce_;0 arylsulfone)imide group (arylsulfone of the bis
(arylsulfone)imide group may be substituted with a
halogen atom, C,_, alkyl group, C,_, alkoxy group,
cyano group or nitro group), or (N,N'-(C,_, alkylsul-
fone) (C,_,, arylsultfone))imide group (alkylsulfone and
arylsulfone of the (N,N'-(alkylsulione) (arylsulione))
imide group may be substituted with a halogen atom,
C,_,alkyl group, C, _, alkoxy group, cyano group ornitro
group):;

R’ in the formula (10) represents a hydrogen atom, cyano
group, nitro group, bis(C,_, alkylsulfone)imide group
(alkylsulfone of the bis(alkylsulfone)yimide group may
be substituted with a halogen atom, C,_, alkyl group.,
C,_, alkoxy group, cyano group or nitro group), bis
(Ce_;0 arylsulfone)imide group (arylsulfone of the bis
(arylsulfone)imide group may be substituted with a
halogen atom, C,_, alkyl group, C,_, alkoxy group,
cyano group or nitro group), or (N,N'-(C,_, alkylsul-
fone)(C,_, , arylsulione))imide group (alkylsulfone and
arylsulfone of the (N,N'-(alkylsulfone)(arylsulione))
imide group may be substituted with a halogen atom,
C,_,alkyl group, C, _, alkoxy group, cyano group ornitro
group):;

R® in the formula (10) represents a hydrogen atom, nitro
group, or C,_, alkyl group (the alkyl group may be
optionally substituted with a halogen atom); and

R” and R'” in the formula (10) represent a C,_. alkyl group
(the alkyl group may be optionally substituted with a
halogen atom).

3. The process for producing an optically active chromene
oxide compound according to claim 2, wherein R> and R° in
the formula (10) each independently represent a hydrogen
atom, nitro group, fluorine atom, methoxy group, methylcar-
bonylamino group or methylcarbonyl(N-ethyl)amino group;
R’ in the formula (10) represents a hydrogen atom, nitro
group or bis(C, _, alkylsulfone)imide group; R® in the formula
(10) represents a hydrogen atom, nitro group or tritfluorom-
ethyl group; and R” and R'® in the formula (10) represent a
methyl group.
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4. The process for producing an optically active chromene _continued
oxide compound according to claim 1, wherein the chromene (g)
compound represented by the formula (11) or (12) whose R 12
partial ring structure A 1s represented by any of the formula \N /§
(a), formula (b), formula (¢), formula (d), formula (e), for- > y Ian
mula (1), formula (g), formula (h), formula (1), formula (), R 4<\ #_._‘_
N

formula (k), formula (1), formula (m), formula (n), formula

(0), formula (p), formula (q), formula (r), formula (s), formula §

(1), formula (u), formula (v), formula (w), formula (x), for- by
mula (y), formula (z), formula (aa), formula (ab), formula 10

R12
(ac), formula (ad), formula (ae), formula (af), formula (ag), \
and formula (ah) 1s asymmetrically epoxidized 1n a solvent N
with oxidizing reagent by using any of the optically active R”‘<\ ‘
titantum complex represented by the formula (1), formula N
(1'), formula (2), formula (2'), formula (3), formula (3"), for- O/
mula (4) and formula (4') as a catalyst, |
" (1)
\
(a) 20 N
RIZ
\ 2 O:< ‘
N N
B /
O ‘ R 13
25 .
Rl4 RIS% R12 (J)
(b) R IL 2
R!? ™~
\N'-\./% > ‘ ‘
R 14 ‘ RI1> %
\ A I
5 (k)
R 15 RIZ
g
N
N \
R144</ ‘ pld N %
40
Q RIS
()
(d) RJZ

(m)

(f) (n)
R1\2 60 I“)‘lz
14
(] )
N
\ RIS §
R 14 05
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-continued -continued
(0) al2 (W)
|
14
R\ ///N\‘ /§ 5 O\S /,.N
R14>|\ ‘
RIS/\N/% RJS Q
) 19 (x)

(@) (¥)

R
| 20
N

25

Rlﬁ
Rl4
e I
=,
30 N

(1) ()

Rlﬁ
() 35 (aa)
}
14
: \/N\‘/% R P
P \
R]S Y% A0 RIS/\N
Rlﬁ *
(t) 0
R 14 12 (ab)
45 R4 ‘
N = R15 N\
RIS \ R]ﬁ Q/

()

R4 /N R 14 /N\
g : \
RIS N RIS Q/
,} R 16
O

(V) (ad)

R 60 O
/1‘\1 R ITJ
058 =
N )@
RIS Q ‘5 RISR16 Q

(ac)

g
| ;
/
3
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o (ae)
|
OIN\‘ 5
R 14 \N/ %
o (af) 10
|
OTN\‘
iy \N e 15
Y
O
a2 (ag)
‘ 20
OIN
O N
I!:LJS 25
(ah)
N
/ =
Q 30
\N_..--—

(wherein R'* and R' each independently represent a >

hydrogen atom, C, _. alkyl group (the alkyl group may be
optionally substituted with a halogen atom, C, _, alkoxy
group (the alkoxy group may be optionally substituted
with a halogen atom), amino group, hydroxy group,
Cq. 4 aryl group or C,_, heteroaryl group (each of the
aryl group and heteroaryl group may be optionally sub-
stituted with g R™® (R'® represents the same meaning of
R''; q represents an integer of 1 to 3, and each R'® may
be the same or different when q 1s 2 or 3)), C, . alky- 45
laminocarbonyl group, di-C,_ . alkylaminocarbonyl
group, C, _ alkylcarbonyloxy group, C, _. alkylcarbonyl
group (the alkylcarbonyloxy group and alkylcarbonyl
group may be optionally substituted with a halogen
atom), C, . alkylcarbonylamino group, C,_; cycloalky- 50
lcarbonyl group, C, _. alkoxycarbonyl group, C, _. alkyl-
sulfonyl group (the cycloalkylcarbonyl group, alkoxy-
carbonyl group and alkylsulionyl group may be
optionally substituted with a halogen atom), carboxyl
group, C,_, 4 arvlcarbonyl group (the arylcarbonyl group 55
may be optionally substituted with a halogen atom) or
C,_o heteroarylcarbonyl group), C._,. aryl group, C,_,
heteroaryl group (each of the aryl group and heteroaryl
group may be optionally substituted with g R'® (R'®
represents the same meaning of R'"; q represents an 60
integer of 1 to 3, and each R'® may be the same or
different when q 1s 2 or 3)), C,_« alkylaminocarbonyl
group, di-C, _.alkylaminocarbonyl group, C, _. alkylcar-
bonyl group, C,_, cycloalkylcarbonyl group, C,
alkoxycarbonyl group, C, _, alkylsulfonyl group, C,_,. 65
arylsulfonyl group, C,_, heteroarylsultfonyl group (each
of the arylsulfonyl group and heteroarylsulifonyl group

40
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may be optionally substituted with q R'® (R"® represents
the same meaning of R''; q represents an integer of 1 to
3, and each R'® may be the same or different when q is 2
or 3)), carboxyl group, C_, , arylcarbonyl group, or C, _,
heteroarylcarbonyl group (each of the arylcarbonyl
group and heteroarylcarbonyl group may be optionally
substituted with g R'® (R'® represents the same meaning
of R''; q represents an integer of 1 to 3, and each R'®
may be the same or different when q 1s 2 or 3));

R™, R'", R' and R'’ each independently represent a

hydrogen atom, halogen atom, C,_. alkyl group (the
alkyl group may be optionally substituted with a halogen
atom, C,_. alkoxy group (the alkoxy group may be
optionally substituted with a halogen atom), amino
group, hydroxy group, C._, , aryl group, C,_, heteroaryl
group (each of the aryl group and heteroaryl group may
be optionally substituted with r R'” (R'” represents the
same meaning of R'"; r represents the same meaning of
q)), C,_ alkylaminocarbonyl group, di-C,_, alkylami-
nocarbonyl group, C,_. alkylcarbonyloxy group, C,
alkylcarbonyl group (the alkylcarbonyloxy group and
alkylcarbonyl group may be optionally substituted with
a halogen atom), C,_. alkylcarbonylamino group, C, 4
cycloalkylcarbonyl group, C, . alkoxycarbonyl group,
C,_¢ alkylsultonyl group (the cycloalkylcarbonyl group,
alkoxycarbonyl group and alkylsulfonyl group may be
optionally substituted with a halogen atom), carboxyl
group, C._,, arylcarbonyl group (the arylcarbonyl group
may be optionally substituted with a halogen atom), or
C,_o heteroarylcarbonyl group), C,_; cycloalkyl group
(the cycloalkyl group may be optionally substituted with
a halogen atom, C,_. alkoxy group (the alkoxy group
may be optionally substituted with a halogen atom),
amino group or hydroxy group), C, . alkoxy group (the
alkoxy group may be optionally substituted with a halo-
gen atom, C, ¢ alkoxy group (the alkoxy group may be
optionally substituted with a halogen atom), carboxyl
group, amino group, hydroxy group, C._, , aryl group or
C,_o heteroaryl group (each of the aryl group and het-
eroaryl group may be optionally substituted with r R"”
(R'” represents the same meaning of R'"; r represents
the same meaning of q))), C,_, thioalkoxy group (the
thioalkoxy group may be optionally substituted with a
halogen atom, C, _, alkoxy group (the alkoxy group may
be optionally substituted with a halogen atom), carboxyl
group, hydroxy group, C._,, aryl group or C,_, het-
croaryl group (each of the aryl group and heteroaryl
group may be optionally substituted with r R"”” (R
represents the same meaning of R''; r represents the
same meaning of q))), hydroxy group, C._, , aryl group,
C,_, heteroaryl group (each of the aryl group and het-
eroaryl group may be optionally substituted with r R'”
(R'” represents the same meaning of R'"; r represents
the same meaning of q)), C,_, alkylcarbonyloxy group,
nitro group, cyano group, formyl group, formamide
group, amino group, sulto group, C, . alkylamino
group, di-C, . alkylamino group, C. ,, arylamino
group, C,_, heteroarylamino group (each of the ary-
lamino group and the heteroarylamino group may be
optionally substituted with r R'” (R'” represents the
same meaning of R'"; r represents the same meaning of
q)), C,_¢ alkylcarbonylamino group, C, _. alkylsulfona-
mide group, carbamoyl group, C, . alkylaminocarbonyl
group, di-C, _. alkylaminocarbonyl group, C, _ alkylcar-
bonyl group, C,_,., arylcarbonyl group, C,_; heteroaryl-
carbonyl group (each of the arylcarbonyl group and het-
eroarylcarbonyl group may be optionally substituted
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with r R™ (R" represents the same meaning of R'"; r _continued
represents the same meaning ot q)), C, _, alkoxycarbonyl (k)

group, sulfamoyl group, C, . alkylsultonyl group, C_,
arylsulfonyl group, C,_; heteroarylsultonyl group (each
of the arylsulfonyl group and heteroarylsulfonyl group >
may be optionally substituted withr R*” (R'” represents
the same meaning of R''; r represents the same meaning

|
N

14
of q)), carboxyl group or C,_, heterocyclyl group (the :
heterocyclyl group may be optionally substituted with a R
halogen atom, C, _, alkyl group (the alkyl group may be 10 ()
optionally substituted with a halogen atom, C, _ alkoxy
group (the alkoxy group may be optionally substituted RY N
with a halogen atom), amino group, carboxyl group or 7 ‘
hydroxy group), C, 4 alkoxy group (the alkoxy group .. X
may be optionally substituted with a halogen atom), R 1> N
Ce. ;4 aryl group, C,_ heteroaryl group (each of the aryl
group and heteroaryl group may be optionally substi- )
tuted with r R"” (R"” represents the same meaning of R12
R"™; r represents the same meaning of q)), hydroxy 20 |
group, nitro group, cyano group, formyl group, forma- O N
mide group, amino group, C,_ alkylamino group, I ‘
di-C, . alkylamino group, C,_ . alkylcarbonylamino
group, C, . alkylsultonamide group, carbamoyl group, RI;JS Q
C,_¢ alkylaminocarbonyl group, di-C,_, alkylaminocar- 25
bonyl group, C, . alkylcarbonyl group, C,_. alkoxycar- (s)
bonyl group, sulfamoyl group, C, _. alkylsulfonyl group, /%/
carboxyl group or C lcarbonyl group); and R N
Q 1n the fgmglulalzc), fof'nllillg?(zd), form}{llf (p)}jizonnula (q), N
formula (v), formula (w), formula (ab), formula (ac) and " ‘
formula (ad) represents O (oxygen atom), S (sulfur Rls/ Y&
atom), SO (sulfinyl group) or SO, (sulfonyl group)).
5. The process for producing an optically active chromene R1®
oxide compound according to claim 4, wherein R” and R'® in (v)
the formula (11) or the formula (12) are methyl group. 33 IT‘]Z
6. The process for producing an optically active chromene N
oxide compound according to claim 4, wherein A in the 0,87
tormula (11) or the formula (12) 1s represented by the follow- J\ ‘
ing formula (a), formula (b), formula (1), formula (k), formula i
(0), formula (p), formula (s), formula (v), formula (y), for- #° R R 1> R
mula (ae), formula (ag) and formula (ah),
()
y
() 14
45 RE AN ‘
RIS \
50 Rlﬁ
(ac)
(]3) ]5‘{12
O N
55 T
R \N
. (ag)
(1) 0 IT“E
N

N
63 |
R
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-continued
(ah)

(wherein R'#, R">, R'*, R'> and R'® are the same as in claim
4).

7. The process for producing an optically active chromene
oxide compound according to claim 6, wherein A in the
formula (11) or the formula (12) represents the formula (a),
formula (b), formula (1), formula (k), formula (0), formula
(p), formula (s), formula (v), formula (y), formula (ae), for-
mula (ag) and formula (ah); R** and R"® each independently
represent a hydrogen atom, C, . alkyl group (the alkyl group
may be optionally substituted with a halogen atom, C, _,
alkoxy group (the alkoxy group may be optionally substituted
with a halogen atom), amino group or hydroxy group), and
R'*, R"™ and R'° each independently represent a hydrogen
atom, halogen atom or C, _ alkyl group (the alkyl group may
be optionally substituted with a halogen atom, C,_. alkoxy
group (the alkoxy group may be optionally substituted with a
halogen atom), amino group, hydroxy group, C, _, alkylami-
nocarbonyl group, di-C, . alkylaminocarbonyl group, C,
alkylcarbonyloxy group, C, _ alkylcarbonyl group (the alky-
Icarbonyloxy group and alkylcarbonyl group may be option-
ally substituted with a halogen atom), C,_ . alkylcarbony-
lamino group, C,_. cycloalkylcarbonyl group or C, g
alkoxycarbonyl group); and Q represents O (oxygen atom).

8. The process for producing an optically active chromene
oxide compound according to claim 7, wherein A in the
formula (11) or the formula (12) represents the formula (a),
formula (b), formula (1), formula (k), formula (o), formula
(p), formula (s), formula (v), formula (y), formula (ae), for-
mula (ag) or formula (ah), and R'* and R"*® each indepen-
dently represent a hydrogen atom or methyl group, and R,
R'> and R'° each independently represent a hydrogen atom,
halogen atom or C, . alkyl group (the alkyl group may be
optionally substituted with a halogen atom, C, _, alkoxy group
(the alkoxy group may be optionally substituted with a halo-
gen atom), amino group, hydroxy group, C, _. alkylaminocar-
bonyl group, di-C, _. alkylaminocarbonyl group, C,_. alkyl-
carbonyloxy group, C, . alkylcarbonyl group (the
alkylcarbonyloxy group and alkylcarbonyl group may be
optionally substituted with a halogen atom), C, _. alkylcarbo-
nylamino group, C, , cycloalkylcarbonyl group or C,
alkoxycarbonyl group); and QQ represents O (oxygen atom).

9. The process for producing an optically active chromene
oxide compound according to claim 1, wherein the chromene
compound represented by the formula (13) 1s asymmetrically
epoxidized 1n a solvent with oxidizing reagent by using an
optically active titantum complex represented by any of for-
mula (1), formula (1"), formula (2), formula (2'), formula (3),
formula (3'), formula (4) and formula (4') as a catalyst, and
both R” and R"” in the formula (13) represent a methyl group.

10. The process for producing an optically active chromene
oxide compound according to claim 9, wherein W 1n the
formula (13) represents a hydrogen atom, hydroxy group,
methoxy group, chlorine atom, bromine atom, methyl group,
cthyl group or methanesulfonamide group.

11. The process for producing an optically active chromene
oxide compound according to claim 9, 1n which Y 1n the
formula (13) represents SO, (sulfonyl group) and Z repre-

sents a C,_, alkyl group.
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12. The process for producing an optically active chromene
oxide compound according to claim 10, wherein Y 1n the
formula (13) represents a bond and Z represents a C, _, alkyl
group.

13. The process for producing an optically active chromene
oxide compound according to claim 1, wherein R' in the
formula (1), formula (1'), formula (2), formula (2'), formula
(3), formula (3"), formula (4) and formula (4') represents a
Cq.»- aryl group (the aryl group may be optionally substituted
with a C,_, alkyl group (the alkyl group may be optionally
substituted with a halogen atom), C, _, alkoxy group or ben-
zyloxy group and 1s optically active or optically non-active);

R” represents a hydrogen atom, halogen atom, C,_, alkyl
group, C,_, alkoxy group, C,_,, aryloxy group or C_,
aryl group;

R represents a C, _, alkyl group, C,._,, aryl group or C,_.
bivalent group when two R” form a ring together;

R* each independently represents a hydrogen atom, halo-
gen atom, C,_, alkyl group, C,_, alkoxy group, nitro
group or cyano group; and

M represents TiJ'J?,

(wherein Ti is titanium atom; J' and J* each independently
represent a halogen atom or C, _, alkoxide, or J* and J°
are bonded together to represent an oxygen atom, or J*
and J* are bonded together to form a ring represented by
the formula (5) of bivalent group,

(wherein, 1n partial structure of O-E-O, O represents an
oxygen atom and O-E-O 1s represented by the formula
(6) mn formula (1); O-E-O 1s represented by the formula
(6') 1n formula (1'); O-E-O 1s represented by the formula
(7) 1n formula (2); O-E-O 1s represented by the formula
(7')1n formula (2'); O-E-O 1s represented by the formula
(8) in formula (3); O-E-O 1s represented by the formula
(8") 1n formula (3'); O-E-O 1s represented by the formula
(9) in formula (4); O-E-O 1s represented by the formula
(9")1n formula (4"); b represents an integer o 1 to 10; and
R', R?, R” and R” are the same as described above)).

14. The process for producing an optically active chromene
oxide compound according to claim 13, wherein R' in the
formula (1), formula (1'), formula (2), formula (2'), formula
(3), formula (3'), formula (4) and formula (4') 1s phenyl group
(the phenyl group may be optionally substituted with a C, _,
alkyl group (the alkyl group may be optionally substituted
with a halogen atom), benzyloxy group or C, _- alkoxy group),
or naphthyl group (the naphthyl group may be optionally
substituted with a C,_, alkyl group (the alkyl group may be
optionally substituted with a halogen atom), C,_, alkoxy
group or phenyl group);

R” represents a hydrogen atom;

R> represents a C,_. bivalent group when two R® form a

ring together;

R* represents a hydrogen atom; and

M represents TiJ'J~,

(wherein Ti is titanium atom; J' and J* each independently
represent a halogen atom or C,_, alkoxide, or I* and J*
are bonded together to represent an oxygen atom, or J*
and J* are bonded together to form a ring represented by
the formula (5) of bivalent group,

(wherein, 1n partial structure of O-E-O, O represents an
oxygen atom and O-E-O 1s represented by the formula
(6) 1n formula (1); O-E-O 1s represented by the formula
(6') 1n formula (1'); O-E-O 1s represented by the formula
(7) in formula (2); O-E-O 1s represented by the formula
(7') 1n formula (2'); O-E-O 1s represented by the formula
(8) in formula (3); O-E-O 1s represented by the formula
(8') 1n formula (3'); O-E-O 1s represented by the formula
(9) in formula (4); O-E-O 1s represented by the formula
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(9') in formula (4'); b represents an integer of 1 to 10; and

R', R? R® and R* are the same as described above)).
15. The process for producing an optically active chromene
oxide compound according to claim 1, wherein a used amount

of the optically active titammum complex to an amount of s

chromene compound represented by the formula (10), for-
mula (11), formula (12) or formula (13) 1s 0.001 to 100 mol
%.

16. The process for producing an optically active chromene
oxide compound according to claim 1, wherein the solvent
used for the asymmetric epoxidation 1s a halogen-type sol-
vent, an aromatic hydrocarbon-type solvent, an ester-type
solvent, an ether-type solvent, a nitrile-type solvent, an alco-
hol-type solvent or a mixture thereof.

17. The process for producing an optically active chromene
oxide compound according to claim 1, wherein the oxidizing
reagent used for the asymmetric epoxidization reaction 1s
10dosobenzene, sodium hypochlorite, m-chloroperbenzoic
acid, Oxone (registered trademark of E. I. du Pont de Nem-
ours and Company), hydrogen peroxide aqueous solution,
urea-hydrogen peroxide adduct (UHP), oxaziridine, N-meth-
ylmorpholineoxide (NMO), t-butylhydroperoxide (TBHP),
cumenehydroperoxide (CHP) or a mixture thereof.

18. The process for producing an optically active chromene
oxide compound according to claim 17, wherein the oxidiz-
ing reagent used for the asymmetric epoxidization reaction 1s
hydrogen peroxide aqueous solution, urea-hydrogen perox-
ide adduct (UHP) or mixture thereof.

19. The process for producing an optically active chromene
oxide compound according to claim 18, wherein the oxidiz-
ing reagent used for the asymmetric epoxidation 1s hydrogen

peroxide aqueous solution and a concentration thereof 1s 1 to
100% by mass.
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20. The process for producing an optically active chromene
oxide compound according to claim 1, wherein a used amount
of the oxidizing reagent used for the asymmetric epoxidation

to an amount of chromene compound represented by the
formula (10), formula (11), formula (12) or formula (13) 1s 1

to 10 equivalent.

21. The process for producing an optically active chromene
oxide compound according to claim 20, wherein an addition
method of the oxidizing reagent used for the asymmetric
epoxidation 1s fractionated addition or continuous addition.

22. The process for producing an optically active chromene
oxide compound according to claim 21, wherein the addition
method of the oxidizing reagent used for the asymmetric
epoxidation 1s the continuous addition and the addition rate 1s
0.01 to 40,000 equivalent per hour.

23. The process for producing an optically active chromene
oxide compound according to claim 21, wherein the addition
method of the oxidizing reagent used for the asymmetric
epoxidation 1s fractionated addition and the number of frac-
tions 1s 1n a range of 2 to 100.

24. The process for producing an optically active chromene
oxide compound according to claim 1, wherein a reaction
temperature of the asymmetric epoxidation 1s from 0° C. to a
reflux temperature of the solvent used.

25. The process for producing an optically active chromene
oxide compound according to claim 1, wherein a pressure of

the asymmetric epoxidation 1n a reacting system 1s 1n a range
of 10 kPa to 1,100 kPa.
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